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1. PALLADIUM AND PLATINUM

P_A, CHALONER
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INTRODUCTION

This review covers mainly the papers recorded in Chemiecal Abstracts
between Volume 97, issue 21 and Volume 99, issue 24, as well as the 1983
issues of the major Bnplish language inorganic chemistry journals. Thus,
although most of the papers covered were published in 1983, many from 1982 are
also included, together with earlier work slow to reach Chemical Abstracts.

As always, the number of references has increased overall, but some
general trends may alsc be noted. Mare papers are reported in the sections
dealing with lower oxidation states and in particelar with chemistry related
to catalytic reactions. In this context many data concerning tin complexes of
platinum are considered, since this is an important catalytic system for a
range of transformations. The importance of the complexes of biomolecules
continues to be noted by many groups and a newly fashionable area seems to be
that of porphyrin complexes and their analogues.

A number of reviews have been published. The historical importance of
the platinum metals in the development of chemistry, particularly coordination
chemistry, is considered by Soviet workers [11. The whole of the platinum
group and the chemistry of their complexes is included in the account of
Wallbridge [2], whilst Bailar reviews only coordination compounds of
platinum (fI) and platinum (IV) [3]. "Classic® and "modern" aspects of palladium

and platinum coordination compounds are discussed by Beck [4].

1.1 PALLADIUM (VI}) AND PLATINUM (VI)

[PdFs] was synthesised by reaction of palladium powder with fluorine
atoms. This dark red material is thermally wunstable and decomposes at a
significant rate even at 273 K to yield [PdF4] and molecular fluorine [5).
Both [PdFﬁ] and [PtFG] have body-centred cubic structures at room temperature

with an orthorhombic form at higher temperature. The stabilities and



structures of the platinum metal fluorides are also reviewed [6]. The genaral
chemistry of palladium and platinum in bigher oxidation states (Pt{VI), Pt{IV)
and Pd(IV)) has been reviewed [7].

Palladium (V) complexes are said to be formed on oxidation of metal
fluorides by [PdF6] [5] but no other papers dealing with palladium (V) or

platinum (V) have been publiched in the last year.
1.2 PALLADIUM(IV) AND PLATINUM{IV)

The thermodynamics of the formation of outer sphere complexes of coordination
compounds of platinum{IV) and other platinum group metals have been reviewed
[8]. The best separation of platinum(IV) from rhodiom{III) is reported to be
achieved using ascorbic acid as a reducing agent under carefully controlled

conditions [9].
1.2.1 Compleres with Group ¥YII donor Ligands

The structure of [Ber]z[PtF6] . (BIF2)2, formed on reaction of [PtF 4,,'I

19F NMR spectroscopy

with [BrF3], was determined by X-ray diffraction and
(18]. A general valence force field has besn applied to hexzhalide anjons of
PLaV) ([PtF%", [PCi? and [PtBr]®’) using the molecular kinetics
constants method to determine the charactertistic molecular constants [11].
Analysis of the biexﬁonential Taminsscence decay curves for KQ[PIXGJ (X = F,
Cl or Br) gave two time constants. The contribution of the faster relaxation
component increases on transition from [PtF6] 2- ta [PtBrs] 2‘, as well as on
increasing the temperaturs from 77 K to 300 K [12]. The bimolecular rate
constants for luminescence quenching of [Cr(vipy),] 3 [Ru(bipy) 5] 2 and
[0s (bipy) ;1% by [Px,)2
The chlorine K X-ray absorption spectra of Kz[PdCIGJ , Kz[PtCIGJ ,

" (X =F, Cl, Br ar SCN) have besn determined [13].

KZ[PdC14] and Kz[PtC14] have besn obtainsd. An intense white line at the



absorption  threshold with a chemical shift related to the i{onisation
potentials of paliladium and platinum corresponds to the transition from the Cl

1s level to the lowest unoccupied antibonding orbital originating from the Pd
4d, Pt 5d or Cl 3p orbitals {14]. Relativistic multiple scattering X“
calculations on [PtC16]2_ in octahedral symimetry have been undertaken. The
theoretical predictions concerning photoionisation and optical spectra are in

good agreement with experimental data [15].

By applying a rigid sphere model, using the assumption of free cation
motion within a spherical cavity consisting of twelve halogen atoms, the
stability condition for K2[PtC16J has been determined. The temperature at
which cubic K.Z[PtClG] should undergo distortion was calculated and conforms to
the experimental observation [16]). The low temperature tunnel splittings of
reorienting [NH‘J * in a tetrahedral surround were determined for [NH“}ZEMC%]
(M = Pi, Re or Te), and found to depend exponentially on lattice dimensions
(171.

Theoretical calculations were used to assist in  assigning
experimental spectra of Lz[MClsl, L= [(CSHIT) 3NH]+ and M = Os, Re, Ir ar
Pt. The N-H stretching frequency is substantially affected by the natere of
the metal [18].

The reduction of H, [PtCls] by iron(I) sulphate in aqueous H,30, in the
presence of an alumina catalyst was shown to be {irst order in Pt(IV}, 0.56 in
Fe(lI) and -0.21 in Cl'. The initial product iz Fe [PtClGJ which is adsorbed
on the alumina and reduced by Fe(Il) to give, wltimately, a thin platinam
metal film [19]. [PtClG]zﬁ is also very rapidly reduced by ferrocene, the
products at room temperature being [PtCl4]2_ and ferraciniom cation. At higher
temperatures more exiensive reduction gives platinum metal [20]. The
adsorption of H2 [PtC16] on alumina to give reforming catalysts has been
stedied [21].

Solid state thermolysis of [{py) 2I]2[P1’J(6] (X = (1 or Br) yields
c(.s-[Pt(py)2X4], whilst [(py)zﬁrlziptClﬁ] gives [Pt(py)2C14] and [pyH]zl:PtCIGJ



{22]. Disproportionation constants for Pt(IV} and Pt(II) halides and the
equilibrium constant for reaction (1) (¥ = CI or Br) have been determined
[23] . The effect of HCl concentration on extraction distribution coefficients,
when chloro complex acids of Pd{IV) and Pt(IV) are extracted by tributyl

phosphate was examined [24].

[szsjz‘ + H,0

5 [P (0H2)] T+ X

(1

Oxidation of EPtCl4]2' by molecular bromine in HBr solution yielded
trans-[PtCqur2]2-, whereas in HCI, [PtClsBr]z' is obtained. A sample of
trans- [PtCl 4Br2]2' was obtained in very high purity when CH,Cl, is used as
solvent. The literature concerning trans- [PiCl 4Br2]2- has been critically
discussed [25]. The 195p, NMR spectra of [PtClnBrﬁ_n]z- (n=1 -« 5) have been
measured. The cis-trars isomerisations of [P‘LClnBrG_n]zl {(rn = 2 or 4) and the
fac-mer isomerisation of [P1C13Br3]2' are sufficiently slow on the NMR

195Pt signals. ¢is- and

timescale 1o allow the unambiguous assighments of the
fac-isomers give rise to signals at 12 - 15 ppm lower field than the trans-
and mer-compunds [26].

The structures of the cis, cts, trans-, trans, irans, trans- and cis,

ISN and 185

trans, cis-isomers of [PtClz(Nﬂa)z(OH) 2] have been studied by Pt
NMR spectroscopy and by X-ray diffraction. All are octahedral with normal bond
lengths and an extensive network of hydrogen bonds. A facile isomerisation of
the trans, trans, trans- io the cis, trans, cts-isomsr on recrystallisation
from water is thought to involve dissociation of [HO) or H202 since it is
suppressed by the presence of H,O, [27].

The phases of the complex [Me4N]2[PtBr6] have been stadied by NMR
spectroscopic  technignes, X-ray powder diffraction and DTA. Al rtoom
temperature an E dic cubic structure is adopted, with an Fm3m cubic phase at

higher temperatures [28]. Crystals of M2PtI6 (M = K, Rb, Cs, NH 4 OF T1} were
obtained by heating [PtI 4] or H2 [PtCls] in highly concentrated solutions of MI



containing HI and I2. The complexes for M = Rb, Cs or NH " adopt the cubic
Kz[PtCls] structure and are poorly soluble in water., For M = K or Tl, a
tetragonally distorted structure is determined from single crystal data, and

the complexes are more soluble [20]. [N2H5] 2[PtIﬁ] and [N2HS]2[PtIS (Hzo)] were
obtained from HsztCISJ, HI and hydrazine hydrochloride in aguscus solution.
[N2H5]2[Pt16] was shown by X-ray diffraction to have a structure similar to
that of K2 [PtCls] whereas D\I2H512[Pt15 (HzO)] resembles the linear chain mixed

valence compounds {(wide tnfra) and has anisotropic properties {30].
T.2.2 Complerss with Group VI donor ligands

The first X-ray structural study of a heteropolytungstate containing
platinum (IV), NaS[H3HW6024].20 HZO is reported. The polvanion, synthesised
from Na2 [Pt(OH) 6] and Naz [WC 4], has approximately D3 d symmestry analogous
to the Anderson type hetsropolytungstate anion in [MnWSOM]S' [31]. An X-ray
powder study of Cal[Pd(QOH) 6] is reported [32].

Treatment of [Pt(NH3)5C1]C13 with CF3503H, followed by ether at 5 oC
yields [Pt [NHg)s(OSOZCng] [CF3303]3. Triflate acts as a monodentate o-donor
weak field ligand and is an excellent leaving group, allowing the facile
synthesis of a wide range of complexes of the type [Pt (NH3) S]_] [CF3$03] 4 [33].
In {Pt{(HzN) 2Ct’:}l} C14] , prepared from urea and H2 [PtClﬁ], the Pt(IV) is
eoclahedral and the urea is coordinated through oxygen [34].

Oxidation of [Pt(C2O4)2]2' by X. (X = Cl, Br, I or OH) vields the

2
platingm (IV) complexss f,rans-[Pt(Czo 4)2}{2]2_, which were isolated as the
[Bu4N]+ salts. The complexes were characterised by [R, Raman and slectronic
spectroscopy and show intense ligand to metal charge transfer bands in the

UV /visible region {35]. p-Diketonate complexes of octahedral platinum (IV) were
shown to be generally more volatile than those of sgquare planar platinum (II}

[36] .

Rate data for reaction (2) are consistent with a mechanism involving



direct addition of S(IV} to the Pt-OH moisty without Pt-O cleavage. (1} is the

first example of a stable, isolable, o-bonded sulphito complex. In the

[HSO3] . 802, H,O

M (NHa) S(r:mz)]“’r y [Pt(NH3) 5 (0302)]2+.503 .2H,0 (¥))]

m

presence of an excess of sulphite, (1) is slowly converted to
cts- [Pt(NH,) ,(80,),1.2H,0 [37]. Platinum(IV) complexes of (2), (LH),

of composition [Pth(LHJ 2] Clz, contain two ligands which act as 0,s-chelates
and two which are bonded only through sulphur [38)].

OH

MH2

2

The lowest excited ligand field stale has hean shown to be tesponsible
for the photochemical resctions of [Pt(SCN))?" to yield platinum (D). The
quantom yield may be determined by monitoring [SCN] ™ produced on photolysis
[38]. Precipitation of the platinum group metals (including Pt(IVj and Pd(ID))

in the presence of (PhS)3P occurs via reactions such as (3) and (4) (40].
(PhS) 3P + H20 ——> PhSH + (PhS) 2P0H (3)

[PdC14]2' + 2PhSH ——— [(PBS),Pd) + ot + acr @)

Definitive synthssss for [NH4]2[PL'(SSJ3] and [Pr4N']2{Pt(SS)3] have been
published. Platinum({IV) is coordinated in a pseudooctahedral manner to three

pentasulphide ligands [41]. New prsparative methods are reported for

[PlMﬂg(MeE(CHz)nE-M,)] (X=Cl, BrorIl; n=2or 3; E, E' =S or Se} aad



the wvartation of stability with ring size assessed lgspt, T?Se and 13C NMR

spectroscopic parameters were correlated with structures [42] . The new complex
[Pl{MeSCH2CH2$Me}2] [CID4]2 has been compared with known analogues.
It was concluded that the rate of inversion at the coordinated sulphur atom
depends strongly on the nature of the metal ion, but much less on the ligand
trang to sulphur [43).

[Pl(pmdtc)z(pip)zi C12 (Hpmdtc = pentamethylene dithiocarbamic acid)  has
besn shown to be a 6-coordinate actahedral complex with each carbamic acid

acting as an 5,5-chelating agent [44].

1.2.3 Complexes vith bidentate Group VI /Group V donor ligands

There have been further reports of  platinum([V) complexes  of
iminodiacetic  acid (H?_I.). Reaction of H?.L with Kz[PtBIGI in a1 | ratio gives
KQ[PlfHL}BrS], in which the higand 15 ¥-bonded and one of the carbozyl groups
15 deprotonated. With a 2:] ratic of HZL to Kz[PlEré] the major product 1s
K[Pt(HL){Hzl,)Brdj. Under analegous conditions KQEPIBI“ (OH}2] gives K[PtI,Br3J
and [Pt(HL)zﬂrQ] respectively . These data are curicusly at variance with those
noted last year for the chloro analogues [45] The thermal decomposition aof
K[PILCIJJ, Kz[Pl(HL]BrS], K2[Pt(HL}C12[OH)2] and [Pt(HL)z(NHg)zClg] has
been investigated by DTA . The initial process in all cases 15 decarboxylation
[46] .

Isonicotinic acid hydrazide {(3), L) coordinates to platinum(IV) through
the nitrogen atom of the NH2 group and the carbony! oxygen in [PLL2C12]C12
(47]. 3-Methyl-4- {4-methylphenylazo) pyrazol-5-ono, (4), HL', forms octahedral
complexes of stoichsiometry [Pt[HL‘}CI4]A Despite some slightly dubious
staternents to the contrary, the data presented do not allow a  c¢lear
distinction of the binding site(s} involved [48].

Trans- [PILX2 (AA)]  and trans-[PtLL’ 2){2] have been  prepared by
oxidative addition of halogens to [PtL{AA)] and [PtLL'z] (H2AA =



NHNHZ

(3)

HOOC-COOH, HOOCCH,COOH or HOOCCH(C2H5] COQH; L =

H)NCH,CH,OH or H/NCH,CH,SH; H,L" - HCOOH, CH,COOH,

2
H2NCH2COOH or CH3CH-CHCOOH) . In all cases L acts as a chelating
bidentate ligand [49]. The structure of
ct8-N, N -trans-0,0" -bis (2-aminoethanolato) cis-dichloro platinum{IV) has been
determined by X-ray diffraction. This complex has unusually low anti-tumour

activity [50] .
1.2.4 Complexes with Group V donor Ligands

The two photon, four electron redox reaction af [Pt{N,) 6]2- to
platinum (II) and finally colloidal platinum metal has been shown to proceed

initially via reaction (5), with oxidative cleavage of the ligands [51].

hv, CH2C12

PLNy I » PN 12+ 3N, ®

Reaction of [NH4]2£PtX6] (3 = Cl, Br or I) with liquid ammonia at -40 =C
gives mixtures of {Pt(NH, . X, 1X, ., where n =0, 1, 20or 3. After several
weeks [Pt CNHa) 6]X4 is isolated as the major product. At room temperature (X =
Cl or Br) the bridged dimer [{Pt(NH3)4}2(g-NH2)2]X6 is obtained. Treatment of
[NH4]2[PI;X6] with gaseous or liquid ammonia followed by an excess of KNH,
vields Kz[Pt(NHz) 5 [521. The heat capacity of trans- [Pt(NHg) 4Br2]Br2 was
determined in the temperature range 55-310 K; y-type anomalies correspond to

phase transitions [53].
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The interrelationships of platinum{IV) and platinum (II) nitro complexes

have been further investigated (Scheme 1) [54].

X, [PtNO,)
HNO,
K, [Pt(NO,} ] ets-K, [Pt{NO,) ,Cl,]
H,0 24gNO,
e evaporate
cts- [Pt fNOz) 2 (Hzo) 2] + K, [Pt30 (NOz) 6]
KOH
H
2HNO, O,N-_ H,‘o —H—O__NO,
K, [Pt(NO,) ,(OH) )] —— >~ 174 Pt
O,N- "0—H-o( SNO,
H H

Scheme 1 Intercoaversion of platinum(II) and platinum(IV) nitra  complexes

[54]

The preparations of cts- [PtL2X2] .nH,0 and trans- [PtL2X2 (OH) 2] (L =
M32CHNH2; X2 = C12, Brz, C204 ar Cﬁz(COOJZJ have been
described zrans-[Pthfczo 4] (OH)z] is the most useful for supression of L
1210 leukaemia in rats [55]. Treatment of cta,cts,srans-[Pt (NHBJ 2C12(N03J2]
with a range of amines, L, vields cts,ctis,trans-[Pt (NHg) 2L2C12] []'~103}2
[56]. The dissociation constants for [PtA2X2 (HZO) 2:I 2+ and

+ .

(PtA, X, (H,0) (OH)]™ (A = NH,, MeNH,, Me,NH or EtNH,; X = Cl, CN or
Noz) have been determined [57].

A range of complexes of nitrilotriacetic acid, H3L, have been prepared
from ¢rans-[Pt CNH3) 2(31 4]‘ Using a 1:1 molar ratic the complex
trans- [Pt(NHa)z(HzL) C13] is formed, whereas with two moles of I-ISL the product

is (5. Trans.cts,cis- [Pt(NH3]2C12(N03)2} vields (5) together with the mixed
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spscies, [Pt (NH3) 2 (HZL) Cl, (N03) ] (58].

N{CH,CO0H), (CH,C00 ™)

e
/N :
Cl N{CH7CO0HI, (TH,T00 )

&)

The preparation and characterisation of platinum(IV) complexes of
l-vinyl imidazols, 1-vinyl benziriazole, | ~vinylbenzimidazole and
l1-vinylpyrazole has been reported. In all cases coordination occurs through
the sp2 nitrogen of the heterocycle and the wvinyl group is uncoordinated
{5%,60] .

HZ[PLXG] (X = Cl or Br) reacts with thioproline, LH, to give
[HL]2[PtX6]; whilst this shows some cytostatic activity tn vitro it is not
ussful in vive [61].

The formation of the outer sphare complexes [Pt(m:l)?'(S'.fi)q_)n]“'z'"Il
and  [Pt(en) (phen)2(804)r']4'2" {(n = 1 or 2) was established by
solubility  studies. The most stable outer sphere complexss are
formed by [Pt(an)3]4+ [(62]. Outer sphers association constants were
also  determined for [Pt(phen)z(enJIT,]4_n, the trend in stability being
L = HCOO < CH3COO_ < C2HSCOD' < C3H7COO' [63]. A
number of octahedral palladium (IV) complezes, [Pd(L-L) C14] (L-L =
bipy, phen, dppe, Me,ECH,CH,EMe,, {fE = N or B},
thAsCH2CH2AsPh2 o1 MozAs (CHZ) 3AsMez) were prepared by chlorination
of [Pd(L-L) C12]. Analogous bromination and the reactions of [Pcl(L-I_)Z]Cl2 were
also investigated [64]. [Meth(phen)] hase been demonstratsd ta undergo

stersospecifically trans oxidative addition of alkyl halides to yisld (6) by a

radical pathway [65].



i2

()

Platinum (IV}) complexss of (7} have been synthesised from [Pt{en) 3] 4+ by
treatment with methanal and ammonia, and characterised by X-ray diffraction.
Addition of one electron, either electrolytically or radiolytically, gives
transient monomeric platinum(III) ions with a lifetime in the millisecond
range {66]. [Pd(mesc-tetrakis {N-methyl—4—pyridy1}pmphine)]4+ has been shown
to be an efficient photoreductant for Fe(II[), and hence a promising material

for solar energy conversion [67].

)
¢

()]
The centrifugal distortion constants of ['P‘lL2X4] (X =Clor Br; L =

(N

PMes, AsMe3 or SMcz) have been obtained using Cyvin's modified theory, anrd the

previously reported force constants and structural parameters [68].
1.2.5 Complexres with Group IV donor Lligands

The kinetics of reduction of Kz[Pt (CN)SI] by [BH 4]— have been
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investigated spectrophotometrically. Two pathways were established, as shown

in reactions (8) - (10) [69].

ere 0%+ [BH,)——— (PCN 1> + T + H + BH, 6)
(BN 1 —— ey 127 » N W)
[PLCN) (112" + ON™ ~———- [PLCNY (TCNN® ®
[Pt(CN)  (1CN)3" ——— [Pt(CN) 1% + ON™ + ION 9)
ICN + (BH,)" —— 1" + CN" + H' + BH, (10)

The kinetics and mechanism of the reduction of [PL{CN} 4(0H)Br]2_ by
inorganic ioms has been reviewed [70], whilst another account deals

specifically with the extremely complex reaction with [3203]2‘ [71].

1.3 PALLADIUM AND PLATINUM COMPLEXES WITH MIXED IV/II
OXIDATION STATES

The chemistry of one dimensionally ordered mixed valence compounds has
continued to be an active ares of investigation. The structure of
{Pt (NHg) 4] [Pt (NH3] 4Br2] [HSO4] 4 has been determined by X-ray diffraction. It
contains linear chaing comprising siternately arranged octahedral
13 (NH3) 4Br2] a* and square planar [Pt('NH3) 4] 2+ cations in the direction of the
c-axis [72]. {PtL2] [PtL2C12] [BF4] 4 L = HzN(CHz) 3NH2] and its bromo
analogue also form 1-dimensionally ordered structures in which no distinction
was made between the platinum oxidation states [73]. The electtonic, IR and
resonance Raman spectra of the species [Pt(l,2-pn)2] [E't(l,22,-|:on)2}{2]Y4 (1,2-pn
= 1,2-diaminopropane; X = Cl, Brorl; ¥ = Clli'.’t4 or BF4) have been reported
[74]. [Pu(dien) 1] [Pt(dien) 13] I, has been prepared by oxidation of
[Pt(diem) Cl]1Cl with dilute HI. Although the electronic and resonance Ramsan
spectra are typical of a linearly ordered compound, the X-ray structure

determination shows that there is significant bending (21 °} about the
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bridging jodine. This is the first mixed valence chain to be prepared with a
single positive charge or a tridentate ligand [75]. Two routes (reactions (11}

and (12)) have been developed for the synthesis of an analogous mixed

HCIO /.0

(Lpa)?t + [Lpdc12:|2+ ¥ 27, (el (LPdCLI [C10,], an
2 HCIO ,/H,0

weai® + c, > [LPd) (LPACL,] [GIO,],, (12)

valence compound of 1,4,8,11-tetraazacyclotetradecane, L. X-ray diffrastion
studies show that the macrocycles adopt the most stable conformation, and the
Pd(II) and Pd(IV) units are linked by WN-H--- O---H-N hydrogen bonds. The
electronic interaction between Pd(II) and PA(IV) in this complex is weaker

than that in [Pd(en)2] {Pd (en) 2(','12] [C104J 4 5 judged by the Pd-X distances and
electronic  spectroscopic data  [76}. The Wi(I[}---2---Pt(IV) chain in
[(MNi{en)] [Pt(en)2X2] [(.‘.104]4 (¥ =~ Cl or Br) is more conducting than the
comparable Pt(II)---X---Pt(IV) chain [77].

Reaction of K.4 [Ptz(pop) 4:! with X, (Hzpop = (HO)zPOP(OH)z; X =27l Br
or I) has been shown to vyield K4 [Ptz(pop)4X], the X-ray structural
determination of which shows linsar chains of -Pt-Pt-X-Ft-Pt-X- atoms. The
bridging halides provide a continuouns path for electrical conduction [78].

Simple preparations of one dimensional tetracyanoplatinate complexes
containing platinam atom  chains have been described. The  species
synthesised include Cs, {Pt(CN) 4} Cly 5 K, [Pt(CN),] [HF2] 0 1-3H,0.
Cs, [PL{CN} ] [N3] o 25 -XH,0 and Cs, [Pt{CN) 4] [0350H0303] 0 46 [791.
Application of high Dressures to Kz[Pt (CN) 4] Brn. 3 3H20 and
sz [PL{CN) 4] [HF2]0‘ 4 induces phase transitions observable in X-ray diffraction
studies [80]. The preparation and properties of a new type of partially
oxidised salt exemplified by Pb0‘77Kg_23 [Pt(CN) 4] .l.SHZO are reported. The
partial  oxidation in this case arises only from the presence of a

non-stoicheiometric proportion of univalent and bivalent cations [81]. A
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somewhat different stoicheiometry, %0_271{1_73 {Pt{CN) 4] ClO.S‘ is obtained on
slectrolysis of K, [Pt(CN) 4:l in the presencs of Pb[NOal. The divalent cations
are said to stiffen the lattices, reduce A, the electron phonon coupling
constant, and increase conductivity [82].

Photolysis of cts-[Pt [NH3)2(H20) 2] 2+ at 251 nm vyields a blue mixed
valence compound in which the ratio of PL(II) to Pi(IV) iz two. The blue
compound has the structure (8), and it is supgestad that a dimeric or trimeric

platinum (II) compound is the photoactive species [83].

oH
B H
HN oL o NH
Sonan . oman man 3
H,N~ o ] ™o NH,
H H
on
@

A number of papers report mixed valence compunds of thiourea (ta) and
analogues. K2[PtC1 ] reacts with tu to yield [Pt(tu) 4] [PtCls] [84], but more
generally complexes of stoicheiometry Pt2L Cl6 may be [Pt(IDL ][Pt (Iv)Cl ] o1
[PL(IV) L2C12] [(Pt(ID L2Cl4]. Be nMr gpectrozcopy confirms that sulphur is the
coordinating atom in all cases. 19$Pt NMR spectroscopy is used to distinguish
the other species, and the type of complex formed depends both on the method

of prsparation and the nature of the ligand [35-287].
1.4 PALLADIUM(III) AND PLATINUM (III

Na[PdF4] may be prepared from the solid state reaction of 2 moles of NaF
with [Pd2F6] at 600 =C/70 kbar. The EPR spectrum at 8 K indicates the presence

of F‘cl3+ with the unpaired elsctron in the dzz orbital. The complex is low spin

6 e 1 with a significant Jahn-Teller effect [88]. Ian=A1 O solid

28 2
solutions (0.004 < x €< 0.09) in which PA(ITI) is stabilised have besen prepared

t

by the ceramic method using a Pr.VT_a2 34-’~,r-1!~;120 mixture [89).
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The lifetimes of slectromically excited states of [M (bipy) 3] 3+ (M = Cr,
Os or Ru)} have been obtained from luminescence spectra as functions of the
concentration of the platinam(II) quenchers. Energy transfer is the dominant
mechanistn of the luminescence guenching using Kz[PtBr 4] and K2 [PtCl 4] or the
osmiom or ruothenium complexes, bui with [Crbipy) 3] 3* and {Pt(SCN) 4]2' or
[Pt(C20 4)2]2’ electron transfer to vield platinum (TII) is involved [90].

The range of {Ptz} 6+ units fully characterised by X-ray crystallography
has been further extended during the last year and the results are summarised

below [91, 92].

Complex »(Pt-Pt) / (R)
[pyH] , [Pt, (H,PO ) (HPO ) , (py) ,] .H,0O 2.494
[XQNH,) Pt (pyridonate) ,Pt (NH,) X [NO, ], 2.582 (X = Br)

2.576 (X = NOz)
2.584 (X =CD

[(NO 3J {NH3) 2Pt {pyridonate) Pt (NH33 2 (Hzo)} [NO 3] 3 2.540

The complexes {Ptz(CH3C32) 4X2] (X = Cl, Br or I) have been synthesised
by oxidative addition of X2 to the Pt(II) dimer, and the oxidation states
confirmed by XPES. If only one half of the stoicheiometric amount of iodine is
employed [Pt2(CH3C'82) 41] is formed, in which the average oxidation state of
platinum is 2.5. The Pt-Pt bond (2.477 i) lies between values typical of
{Pt(ﬂ)z] and {Pt(IIUZ}. and iodine bridges the {Ptzl units in
Pt-Pt--E--Pt-Pt [94]. When {Pt,(HPO,),]° is treated with 2 base, L (L = py,
4 -methylpyridine or 3, 4 -dimethylpytidine) , the major product is
[LH] 2[Pt2(HPO4) 4]"2]’ (9), contaminated with small amounts of the mixed salt
{LH] m2(H2P04) (HPO,},L,].H,0, (10). During attempts to grow crystals
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of 8 (L =py), (10) was isolated and its structure determinsd by
X-ray diffraction [91). The %Pt NMR spectra of [Pt,(SO),X,J" and
[Ptz(HPO4)4X2]n- (X = H2O' Cl or Br; n = 2 or 4) were measured. It was
found that IJPt-Pt is very semsitive to small wvariations in electronic
structore which have little effect on molecular structure [95]. The IR and
Raman spectra of [Ptz(pop} 4}{2]2' (X = Cl, Br or I) were compared with those of
the PL{II} analogue, [Pt2(pop)4]4_. It was concluded that Pt(IIT)-Pt(III) iz a
much sironger bond than Pt{ID) -PL(I1) [96].

Treatment of the head-to-tail platinum(Il) o-pyridonate dimer
cia- [{PthHg)z(CSH4NO)}2]2+ with nitric acid in the presence of X~ (X = NO,.
Cl or Br) tesunits in oxidative addition and metal-metal bond formation to give
the PL(II1) dimer. The P1-Pt bond lengths in the complexes paralle]l the
trans-infloence of the axial ligand, X, whilst elongation of the Pt-¥X bond
teveals that the P1-Pt bond has a very sirong trans-influence [93]. Treatment
of cis-diammine platinum o-pyridone blue with nitric acid results in the loss
of three electrons from the four Pt(2.25) centres and cleavage of the
tetranuclear unit to a Pt(III) dimer. In this case a dimer with a head-to-head
arrangemsnt of the «-pyridones is obtained, but the head-to-tail isomer
{0, N} (NH,) Pt (pyridonate) ,Pt(NH,), (NO,)1[NO,],.2H,0 is obtained from
nitric  acid oxidation of [(NHy) 9Pt (pyridonate) gp"-(NHg)g] [NO,].2H,0. The
elecirochemistry of these complexes has been studied [94].

eta-Diaramine o-pyrrolidone tan was obtained unexpectedly duting a
synthesis of platinom Dbloes. Its structure has now been determined by X-ray
diffraction to be bis [bis {u -a-pyrrolidinate (1-) -eroz} bis {cig-diammine
platinum (II,II1)}] hexanitrate dihydrate (11). The cation has a tetranuclear
chain structure similar to cta-diammine-a-pyrrolidone blee except that the
average oxidation staie is 2.5 rather than 2.25. This may thus be considered

a5 possessing two PL(II) and two PL(III) centres, but since the complsx is

diamagnetic, the iwo unpaired electroms must be sirongly coupled and

delocalised cver all four atoms [97].
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{11)

Reaction of Kz[PtC14] with & very large excess of acetamide gives a
polymeric compound {Pt(CzH 4N0)2C1}n. However, using KZ[PdCI4] as
the substrate, [Pd4 (C2H4NO}7(OH) 2] iz obtained. Analytical and spectroscopic
data imply that this has a polynuclear strocture with bridging ligands and
partially oxidised metal centres. This is the first isolated palladium
analcgue of the platinum blues [98] .

A variety of platinum complexes of the ethanoate ligand are reported by
Soviet workers Among these are [{Pt{OQCMe) (OH)z(HzO)}4] and
[{P{OOCMe) 3}4] {99].
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1.5 PALLADIUM (II}) AND PLATINUM (II)
1.5.1 Complexes uith Group VII donor ligands

The absorption spectra of palladium(IT) in melts of LiCl, NaCl, KCIl and
CsCl at a chromophore concentration of 0.01 mol % and a temperature of 1087 K
have been examined [100]. Reaction of Pc:lCl2 and KCl yields Kz[PdCl4] which
melts congruently at 534 oC. The Kz[PdC14]/Na2{PdC14] systems have been shown

1o be stable sections of the KC1/NaCi/PdCl, system [101].

2
A  potentiometric study using an iodide selective electtode has

established a value of 3.73 x 10_16

for the solubility product of Pdlz.
Radiometric data give a value of 2.55 x 1l.')-16 [102] . The stability constants
fo chloro complexss of platinam (I} in agueous solution at 60 =C have been
determined specirophotometrically [103].

The electronic structure of KZ[MC14] (M = Pd or Pt} has been
investigated by the Xa SCF method and by X-ray spectroscopy [104]. X-ray
diffraction studies allow the detection of charge distribution in erystals of
K2 [PtC14]. The 5d electrons have an aspherical distribution in a square plamar
ligand field {105].

The complexes [(DY)ZI] 2[P'£X4] (X =~Cl or Br) have been prepared by
reaction of [{py) 2I] [NO3] with Kz[PtX4] in DMF. [(y-picoline) 2I]2[1=‘l:Cl 4] and
Clpy) 2Br]2[PlC14] are similar. The thermal behaviour of the complexes was
studied by thermogravimetry, IR spectroscopy, conductivity measurements and
X-1ay diffraction [106€]. [C2H5NH3]2[PdC14] has not been characterised
crystallographically bat near IR and IR uwansmission spectra and unpolarised
Raman specira allow the anthors to conmclude that it closely resembles members
of the series [C,H.NH,],[MCI,J (M ~ Mn, Ca or Cd) [107].

X-ray crystallographic studies have been performed on CsszFs, CsMPdFS
(M = Mg, Zn or Ni), Rb,PdF,, Cs,PdF, and Rb,CsPdF,. Half of the Pd%* ions

2 5
are surroanded octahedrally by fluoride, whilst the others are in a square
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planar snvironment [108]. In 2,6-di- tert-butylpyrilium
hexachlorodipalladate (II), (12), each palladium has approximately sguare

planar coordination, but the four membered {Pd2C12} ring is not planar [109] .

o

The rules governing the variation of M-L bond lengths on transition of
complexes to excited states of the d-d type have been reviewed, with especial

teference to {PtClgL]n (L = NO, €O, CN, Cl, NH, or HZO} f110) . Vibrational

3
and laser Raman spectra of the mononuclear square planar coordination
compounds, [MX“]?- and [MX3L]n‘ (M = Pd or Pt; X = halogen) have been
teviewed [111].

Extraction of [PdCl4]2' by [RgNH] Cl1 (R = octyl) gives both
[R3NH]2[PdCI4] and [R3NH] 2[Pc12C16] as detectable species in the organic phase
[112] . The kinetics of the interactions of Kz[PLX4J (X = C1, Br, CNS, NO2 or
CN) complexes with the surfaces of Ln203.nH20 between 40 and B0 »C have been
investigated [113].

The oxidation of molecular hydrogen under conditions in which platinum
metal is not formed has been studied. The species [Pt(II) Cln(H20)4_n] n=1,

2 or 3) are active, but {PtC14]2' and {PtC16]2' do not react with H2 [114].

The mass spectrum of [(02H4) 2P12(p-C1)2Cl2] has been reported amd
assigned. Fragmentation results in competitive loss of chlorine and sthene
with the formation of species containing a Pi-Pt bond [115].

Conditions for determination of platinum by spectrophotometry have been

studied, and it was shown that the colour reaction is always preceded by

teduction to platinum{1I) [116]}.
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1.5.2 Complexes with Group VI donor Ligands

1.5.2.1 Unidentate orygen doner igands

The emission spectrum of PtO has been studied betwee 3300 and 3900 A and
several new transitions analysed [117]. The thermogravimetric properties of
PdO from 800 - 1040 K have been investigated [118].

Thermolysis of [Pd (N03)2] .2H20 occurs in three stages yielding colloidal
platinum via [Pd(NO3) (OH) (H,0)] and [Pd(OH)2] [119].

Stable monomeric trans-[(R,P) oPUR, (00-CMey)] complexes (R =
CF3, 2-('.‘]:\1(1‘.6H4 or Ph) have been prepared from [(R3P)2Pt(RI) (OH)] and

1QF and 311-" NMR spectroscopic studies and X-ray diffraction

Me,COOH. lH,
confirm that the peroxide is end-bonded, and suggest considerable covalent
character for the Pt-O bond. All the complexes, except those of (PhCH2)3P, are
effective in oxygenation of l-ociene to 2-ocianone [120].

Oxidative dehydrogenation of saturated hydrocarbons occurs in  the
presence of Pa(IT) in HZSD 4 by a mechanism which involves C-H clsavage in the
rate determining step. A possible machanism is shown in Schame 2 [121]. A
gquantum chemical study of CH4 activation by platinum (II) complexes with CI,
HZO or OH ligands has been carried out by the CNDO MO method. The

most probable path involve: simultansous coordination of CH 4 to platingm and

the oxygen atom of the ligand [122].
1.5.2,2 Btdentate and multidantate oxpygen donor Ligands.

There continee to bs numerous studies of the chemistry of
bis{p-diketonato) complexes. [Pd(RICOCHCORz) 2] (Rl. = CHy, Fhoor

2-thienyl, RZ = CF,; R! = Ph or 2-thienyl, R - C,Fs or C,F,; Rl =~ 2-thiengl,

3;
R2 = CHFZ) areprepared from K2[Pd014] and the diketone. In solution they are
square planar and exist as a mixture of cis and trans isomers, which were

separated by HPLC for R} = CH,, R? - CF, [123]. A mixture of the cis and trans
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[P4(OSO,H,) (0SO,H)]" === [Pd(0SO,H)]"

. N

O H--O QH | +
I . /NS
[R---H-n-O-S-O~Pd(0503H2)] R-C S
I A
O Pd-Q O
[HPQ(0SO,H)] + R* [RPA(0SO,H) T
]

i
[R*---H-0-5-O---Pd(0S0,H,)]" ——— ROSO.H + H* + [Pd(0SO,H )%
H I 3 3772

Scheme 2 Pathways in alkane dshydrogsnation in the presence of palladium (II)
[ra1l.

isomers of [Pd(PhCOCHCOCH2CH2CH3) 2] was formed serendipitously when (13)
was reacted with PdCl2 with the intention of synthesising the allyl complex.

The additional oxygen atom was derived from Na2C03, which had been added to

prevent polymerisation of the enone [124].

\Ell/% e

3}

The prepatation of [PA(HCOCHCHO) 2] was described; relatively few metals
form characterisable complexes with this ligand. Its sablimation behaviour was
compared with other analogous palladiom chelates. Tt is the most volatile of
the series, buat also the least stable, and on volatilisation 50-65% of the

metal is deposited as a palladivm mirror [125]1. Mass spectrometric studies of



bis(s-diketonato) palladiam complexes all show the ions []..21’%1]2+ and
[L,Pd-R1%*, where R is one of the substituents (126].

Studies of the rgeactions of bis(p-diketonato} complexes with
nucleophiles have mainly involven nitrogen and phosphorus donors this year,
and forther insight into the complex series of pathways possible has been
obtained . [Pd(acac)z] reacts with 2-, 3-, or 4-methylpicoline, L, to yield
stable complexes of structure (14) [127}. Similar reactions are observed with
complexes of hFacac and tfacac [128]. Platinum bis (g-diketonato), {(s-dik},
complexes react  with ligands, L, to  give [Pt(p-dik)L,] {s-dik],
(P(a-dik-0) L], [Pt{p-dik) (3-dik-c}L] or [PtL,J{s-dik],, depending
on g-dik and L (g-dik~o and p-dik-c act as unidentate ligands bonding through
o and ¢ tespectively) . All the products are stable and, unlike their pal‘ladiﬁm
analogunes, do not readily isomerise. Generially reactions with primary amines
are said to yield [PtI.4] [B-dik]z, whilst secondary amines give
tPt(ﬁ-dik)Lz:l [p-dik] and/or [Pt(B-dik-o)Lzl. However, reaction of 2-methyl

aniline with [Pt(hfacac)z] gives [Pt(hfacac) (hfacac-ca)l.l as the major product

(129] .
-~
N d\L

(14)

[Pd (hfacac) 2] crystallizes from the vapour phase as a molecular crystal
with no strong metal metal interactions. X-ray diffraction confirms its planar

structura. The reactions of thse complex with pyridines have been

systematically studied and are shown in Scheme 3. An exemplary member of sach

class of complexes has been characterised by NMR spectroscopy and X-ray

diffraction. The point at which the sequence stops is primarily determined by

23
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steric effscts, and the scope of the process derives from the strong acceptor
character of the metal centre and the relative weakness of the metal oxygen

bonds [130].

S S OSSO
Ci /F’d \ L““O /Pd>/\0 + P::c‘ \h
0 CLJ

“

I

P00+ A

/ \Fd’\/ [hfa:ac:l
o N

G

\Pd/ _rhfctcac_i ___L_,_) {149(1_]] :_hfaccua,
/.' "‘O I - - [ L _:2

OJJ

bl

C
/ = hfarac

A,

Scheme 3 Reactions of [Pd(hfaca.c)2] with pyridines, L [130].

A rather curous report details the conversion of (15) to (16 or (17)
on treatment with varying proportions of [M (hfacac) 2] {M = Cu or Pd) [131]. By
contrast, (18) does not react rapidly with [M (acac),] [132].

The X-ray crystallographic structure of (19}, formed by reacticn of
(2-methylphenyl) 3P with (Pd (hfa.cac}z] has been determined. The Pd-O bond trans
to phosphorus is 0.02 A Jlonger than the other, and the unidentate hfacac

ligand has a trans-planar structure [133].
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i 1
/C1 [M{hfacac),) {bipy} Pd/ \Pd(bip)’)
—=0
W >M\ )
‘xH/ ' 0
{15) (16)
Ebnpy,»F'd
?: CFy
{17) Chy

as (i9

Pentane-2,4-dione may act, wunder appropriate circumstances, as a
trihapto ligand. Rsaction of [Pt(aca.c)z'l with (4-chlorophenyl) 3P vields (20},

the first example of 2 platinum complex of this type. Trestment with
fpyH1 (C1O 4] gives (21) [134].

9+
[ Ry |
R P DTN ! -
3 /\/P{__) 0} facac] ! /PthT [Q10,)
R3P l—R3P Py ‘“-H/

_

(20) 21
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Reaction of an analogue of (20), (22), with [(R3P) demzo) 2] [c1o 4]2
vields (23) and mixed metal complexes are obtained on reaction  with

[(Ph,P),Pt(H,0),1°* and [Nifacac),] [135].

Phs ghz
- P\ \ [cR3P)2P? (0H2J211C1041_2 AN o PR
| p——))—0 ) % pre
e O:_/ b N
: . "
. l 5 . PR,
R
(22) @3

Treatment of [Pd(t.fa.cac)z] with R3P followed by opyridine vyields
[Pd (tfacac(2-) -c, -0) (PR3) (py)1", the structure of which was detsrmined in
solution by spectroscopic means. X-ray diffraction studies were performed on
the complex with PPh3 and 2,6-dimethylpyridine, demonstrating that the
nitrogen atom iz trans to carbon and the phosphorus atom trams to oxygen in a
square planar species [136].

The IR and Raman spectra of [Pd(aca.c:)2] and its 3-bromo derivatives
tefloct the changes in electron distribution on bromination [137].

Photolysis of palladiom(II) oxalate in a water matrix at 77 K led 1o
teduction of the central atom [138]. Photolysis of K2[Pd(C204)2] .4H20 crystals
also gives reduction, this time to palladivm metal with the other products
being K2[C204] and COZ' FPalladium particles ara formed preferentially on
stroctoral defects [139).

Determination of the standard enthalpy of formation of solid complexes
of the type [(diamine)Pt{dicarboxylic acid dianion)] has led to estimates of
the mean bond dissociation enthalpies for Pt-N and Pt-Q in these species. For
diamine dicarboxylates, the mean dissociation enthalpy for the Pt-O bond is
considerably greater than in Pt{II) s-diketonatc complexes [140].

Treatment of cts-[Pt(NHsz(OHz) 2] [SO4J with  glataric (HQL) or



succinic  acid (H2Q) in the ©presence of Ba (OH)2 leads to the
formation of [{(Pt (NH3) 2]'_.} 2:I .H20 and [{Pt(NH3} 2Q}2] .H20

tespectively, [{Pt(NH3) 2L} 2:I is a centrosymmetric dimer, (24) in which the cis
squate planar atrays about platinum are bridged by L to give a 16-membered
ring [141]. Tartaric and malic acids act as cis-chelating ligands in the
complexes [Pt(NHa) 2L] prepared from cie- [Pt (NH3) 2C12] and Ag,L [142].

H3N>Pi<O/PK(CH2}3
e;\((c!-lz)3 \(o/

HyN
Q0

S
\N

t
H3

A wide range of catechal complexes {23) has besn synthesised according
to equation (13). These wete tested for their anti-tumonr activity and the
best resulis obtained whem R « CH,COOH or CH(OH)CHZNHCH(CH3)2 [143].

HO R KoM /PhH/MeoH Ve
{PhaP)PICI,]  + - > (Ph3P)2Pl\ (13)
HO 0

(25)

[Pd{({CHs} 2CIH"Z)) 2P[0} CH2CONEtz} (N03)2] was propased by the reaction
of 1:‘1'1(1.\1(2)?‘)2 with the phosphonate in acid soletion. X-ray diffraction
demonstrates that [N03]‘ acts az a monodentats ligand, whilst the phosphonate
binds through the carbony! oxygen and the phosphoryl group [144].

2+

The ionic radius for Pd“’ was calculated to be 0.721 A from the

absarption maximum of its "salicylfluoronone” complex, the structure of which
iz somewhat imprecisely described [145].

15

Amongst a range of other complexes of the platinnm metals the "N NMR

27
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spectrum of (26) has been determined [146].

e
§ o p b
P A
> </!'L Q/ \"0"/ %
(26) @n

The complexes [Pd(HL):z] .nHQO where H2L is a p,s-triketone or a
A-Xetophenol are repotted. The nature of the complex formed depends both on
the temperature and on the 1.:Pd ratio. Binuclear complexes of the type (27)
are formed under appropriate conditions {147]. Mixed metal complexes such as
(28) (M = Pd(II}) amongst others) have been prepared. They are sirongly
coloured and two almost reversible one slectron transfers ate associated with

the redox properties of {UOQ} 2 [148].

Ph_ Ph

/\/“\f\

\ﬁ/\/\ﬁ/
/H\/ \/g\
I

22)

Crown ethers Tform isolable adducts wth trans-[PtCNHSJ (PMe,)CL,],
erans-[PtOQHB)zC12] and [Pt(en)z][PFs]z. An X-ray diffraction study of the
adduct beiween dibenzo-18-crown-6 and trans- [Pt(NH,) (PMe,)Cl,] shows that the
crown ether is bound to two moles of the complex with  association w0 the
ammine in (29). The other twc complexes both give polymeric species with

alternating crown ether and platinum complex constitments [14%].
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(29)

1.5.2.3 Ambidentate oxrygen sulphur donor ligands

An X-ray diffraction study of [{(en)Pt{dmso) 2,'] [PFslz.dmso.Hzo revealed
approximately square planar coordination with ctz-s-bonded sulphoxides and a
gauche conformation for en [150].

Thermolysis of [(CH3) 350]2[Pt216] in air ot helium vields
[Ptz(dmso) 214] . (30} and two moles of iodomethane. (30} was identified by IR
spectroscopy and contains trane-s5-bonded sulphoxides. This represents the
first example of the transfar of an alkyl cation in thermolysis of an onjum
complex of platinum and is relatad to the Anderson rearrangement [151].

Several studiezs report the kinetics of reaction of platinum complexes
with sulphoxides. Reaction (]14) has been studied with a wide variety of

sulphoxides. It was noted that the second order rate constants decreased with
2- 1,2 1,2 - -
[PtCl4] + R'RS0 —— [Pt(R'R“S0Q) Cl3J + Cl (14)

increasing bulk of the sulphoxids, but elecironic sffects were small. There is
some eovidence that an o-bonded sulphoxide complex is formed initially

with subsequent tapid conversion to the more usual s-bonded species
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[152). Palladium analogues were also studied and it was found that the second
displacement to yisld zrans- [Pd(dmso)2C12] was very much less favourable,
presumably due to the strong trans-effect of dmso [153].

In the rteactions of arans-[Pl(pY)ZClz] with methyl aryl sulphides and
sulphoxides to yield [Pt(py) 2L2] 2+, sulphoxidas are about twenty-five times
less reactive than sulphides. Kinetic studies revealed that x, = (kl +
Xy [L)) [complex] ; the first displacement of chloride is rate controlling [154].

The kinetics of reaction (15) (L = dmso or H20) were studied with a
range of mnucleophiles, Y. & simple second-order rate law is observed. The
substrate in which L = dmso is more reactive than the aqua complex, and
additionally shows a significantly greater ability to distinguish between
nucleophiles. The mautna] labilising effect of the sulphoxides is due, at least
in part, to the ability of this ligand to stabilise the (five-coordinate

intermediate by acting as a w-acceptor [155].
[Pt(en) (Gmso)L1®* ¢ Y '—— [Pt(en) (dmsa) Y] ¥™™* + L (s

Thioxane s-oxide, (31) reacts with Kg[PtC14] to giva the
monosubstitution product K.[PtLCl3]. or if added in excess, cts- [PtLZClzjl.

Further intercoaversions were investigated (reactions (16) - (18) [156].

()

J
0

@1
K[PtLCl3] + [Pt(NH3) 4] C12 — [Pt (NH3) 4] [PtLClg] 9 (16)
K[PtLC13] +  py 3 trans- [Pt(py) LC12] umn
K{Ptpy)Cl,] + L > ets- [Pt{py) LCL,) as)

A-ray diffraction studies of K3 [eie-dibromo (hydrogenbissulphito)
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platinom (II)] monohydrate, (32) reveals a distorted square planar structure,
Short Pt-3 bonds and long Pt-Br bonds confirm the strong trans-influence of
sulphite. A very short asymmetric hydrogen bond links the sulphite ligands to
form a six membered ring [157]. The out-of-plane modes of the hydrogen bond in
the chlorc analogue of (32) were assigned from the inelastic neutron

scattering spectra [158] .
3 —

B %5/3_0\-‘.1
I'\P
BF/ >—0/ J
o’ -

(32}

1.5.2.4 Bidentate cxrygen sulphur donor iigands

The preparation of [Pt(RCSCH2COCF3) 2] (R = CHZCMoz) has been
described and s spectroscopic parametars determined [159]).
Trans~[Pt('NH3) 2C12] reacts with HSCHZCOOH (HZL)' with or without HCI, to
give trans-[Pt(N}lg) 2Cl(HL):I or [Pt (NH3) 21_]. Further transformations are
detailed in reactions {19) and (20) [160].

50 - 60 «C
[PtCNH3)2L1 + HCI > cis- [Pt(NHZ)z(HL)Cl] (19)

H,S0,

trans- [Pt(NH3) 2C12,] + 2H2L

[Pty ONH,) , (HL) )] [SO,] (20)

K[Pt(C2H4) 013] reacts with quinocline N-oxide to give a complex of
stoicheiometry [PL(C2H4)LC12] but a similar reaction with pyridine-2-thione
N-oxide vyields (33) and (34). Kz[PtC14] gives only (34). (34) reacts with
phosphines to give monomeric spesciss by displacement of oxygen. Their dynamic
behavicur has been studied by NMR speciroscopy [161].

The extraction kinetics of sz+ from H:NO3 solutions by sulphides have
besn determined. The ligands wused included both simple sulphides and

10-hexyl-7,13-dithia-10-azancnadecanol, 10, 10-dioxa-7, 16-dithiadocosane and
10,13,16-trioxa-7,19-dithiapentacosane [162].



32

CIOC0

(33)
0\\ szaNO §5H4NO
T - /S\ /CI\F / / \©
Pt Pt t
(o O
f[:5H4N0
(34)

The kinetics of substitution of [LMXI, (35) by Y was studied by normal

and stopped flow spectrophotomstry [163].

N X
o/)q\\“x M = Pd or Pt
Y = NEtz, SEt or S
Z
(35)

1.5.2.5 Ambildentate oxrygen nitrogen donor ligands

The metal substitution of [MLZ] {HL = dimethylgyloxime, M = Ni, Cu or

Pd) was studied by electron impact mass spectrometry. The ease of reaction

{21) depends primarily on the counter ion (M' = Ni, Cu or Pd; X = C(lI, [NOSJ’

[OCOCH3], or 1/2 [804]} with Pd(II} rather easily raplaced by Ni{[I) ([164].
' , 2+
ML2 + M Xz——--> M L2 + M

v 22X (21)
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The mass spectra of the complexas (36} (M = Pd, Pt or Ni; R = Me or
2-furanyl) differ significantly, The stability is in the order Pt > Ni > Pd,
as expected, and the abundance of fragments with M-C o-bonds increases in the

order M = Ni < Pd < Pt [165].

<
l T”
R N / R N
XX 220¢
» ;

(36) {37

A bis(oxime) complex, all N-bonded, is formad by the ligand (37) with
both palladium (II} and platinum (IT) [16&] .

Bis{1,2-bsnzoginone) dioximato palladiom(II}, (38), crystallisez in two
forms at room temperature. In the «-form the planar coordination complexes are
stacked with their molecular planes rigorously perpendicular to the stack,
whersas in the s-form the planes are angled at 25¢ to the stack. The crystal
structure of the o-form varies as a function of temperature with a second
order phase transition at 110 K, to give a supercell below this temperatura

[167).

Q<0
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trans-Bis(D-camphoroxime) PdC12 has been prepared from Naz[PdC14,] and
D-camphor oxime. An X-ray diffraction study showed that the oxime is n-bonded
and that steric factors are unheipful to c¢yclometaliation, which does not
occur, even under forcing conditions [168].

Both o,0- and N,o-chelation are theoretically possible in  complexes of
isonitriosopropriophencne, (39). IR data for the palladium(II) complex imvly 2
trans, symmetric square planar structure, {40), with o,0-chelation in contrast
to the nickel(ll} analogue, which is N,0-chelated. The isonitroso iminato

complex, {41), is N,N-chelated [169].

© 2 N
Ph /O Ph /0 Ph 5
N OY—N N
(392) (39b) (39c)
0--H
N~0 A ¢ \‘ il
0 \O—N Ph N/ \N/’
Ph N/
H----0
(40) “n

The ligand, (42}, which has a crown ather portion to complex sodium as
well as a potentially chelating amino oxime moiety, forms six-membered ring
chelates bonding through nitrogen and oxygen to palladinm or platinum in
M(HL)2.4N'a[ClO4] [170].

Benzoxazole, (43) and 2-methylbenzoxazole, (44) might also act as N- or
o-donors. Their complexes [M[sz] (M =Pd or Pt; X = Cl, Br, I, Nog, or
SCN) were characterised by IR and electronic spectroscopy and conductivity

measurements. These data demonstrated that most of the complexes adopted
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trans, square-planar geomstry with (43) bonded through N and (44) bonded
through o [171].

(42)

U (L

(43) (44)

Reaction of the allene complex, cts [Pt(PMegPh) (C3H4)C12] with propanone
oxime gave a product for which two structures, (45a) and (45b) could initially
be proposed. Both X-ray diffraction and NMR spectroscopic data indicated that

the material produced was in fact (45a) [172].
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~
RsP A
Pt
" NS
y— 7N

/
(45a) (45b)

1.5.2.6 Bldeniate and muliidentiate arygen nitrogen donor ligands

The  preparation of the species [PL'L®] (L' = H,NCH,CH,0H or

9 2L2 = HOOCCOOH or H'.’Z'JOCCH2C00H]| has been described.

Oxidative addition of halogens vyields the corresponding #rans platinum (IV)

HQNCH CH2SH; H
complexes [173]. Reactions of Pd(II} with mono-, di- and triethanolamine (eoa,
deca and teoa) were investigated spectropholometrically. [Pdieoz) C12],
[(Pd(deoa) C12] and [Pd(teoca) C12] were all isolated and analysed, and numerous
other siructures including [Pd (eoa)]+. [Pd{deoz) 3] ., [Pd(eca) 2Cl 4] and
[sz(eoa) C13 were proposed to exist in solution. In all cases the ethanolamine

is thought to act as an N,o0-chelate [174].

The kinetics for ring closure Ffor tmns-[PtLQC12] (L = (46)) in the
presence of [HO}  (reactions (22) and (23); L-H = (47)) have been
investigated. The exact pathway followed depends on pH, and the species
[Pt{L-H),] has the structure (48) [175].

Fast

[PtL(L-HDCI] + Cl1 + H,0 (22)

[PtL2C12] + HO

slow

(ML(L-H)Cl} + HO —> [Pt(L—H)2] + CI' o+ H,0 (23)
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HO H
@ t
HsN OH FoN 0 /P \H?
OH * OH
(46) (47} (48)

Reaction of Th*" with [PdL1®" (H,L - H,edta) results in an equilibrium
with [ThL] and Pd2+. Measurement of the equilibriutn constant gives the
stabilty constant of [PdL}z‘ relative to [ThL] [176]. The reactions of
[(HOOCCHz)ZN(CH2)6N(CH2COOH)2] with Pd{II) have been investigated. 1:1
and 2:1 complexes are reported and both carboxylate and nitrogen may be
bound under appropriate  conditions, but the precise structures
involved are not defined [177]. Thermal decomposition of complexes of
the substituted H,jedta, {(HOOCCHz) 2NCH(CH3) CHzN(CHZCOOH)2], (H4L)
such as {Pa(H,L)X] .2H,O and {Pd,(H,L)(NCS),]1.2H,O, have been studied
by DTA. Decarboxylation occurs in two siages, with free COOH groups lost first
(178]. The thermal properties of Na,[PdLCl,].2H,0 (HL = iminodiacetic acid)
were also investigated [1797.

Reaction of a-pyridone with [Pi{en) (H2032] [N03]2 yields the
head-to-tail isomer of [Ptz(en)z(CsH4NO)2] [Nog]z- X-ray diffraction
in the solid state shows that this is a dimer of dimers with r(Pt-Pt} = 2.992
A for the binoclear unmit and 3.236 R for the interdimer distance. Both of
these valoes are slightly greater than s observed in the cis-diammine
complex, which is attributed to a greatsr repulsion between adjacent in-plane
ligands. This argument is also used to account for the fact that isomsrisation
is easier, but oxidation to Pt(1II) more difficulv [180]. The reversible

5

intramolecular head/head to head/tail isometisation was studied by 12 Pt NMR
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spactroscopy, and it was concluded that the reaction occurred dissociatively
vta initial cleavage of the Pt-N bond [181]. The reaction of «-pyridone
with cis- [Pt(NH3)2(H20)2]2+ gives both the head-to-head and the head-to-tail
bridged dimers, (Pt,(NH,),(C,H,NO),] 2+ X.ray diffraction studies are compared
with those of the analogous platinum pyridone bloe [182]. Both 5-chloro and
5-methyl a-pyridonates form bridged binaclear corplexes of the type [M2L 4];
across the transition series X-ray diffraction studies show a progression to
longer M-M and shorter M-0O and M-N bonds [183].

4 range of o,n-chelating ligands where the oxygen donor atom is a phenol
have been  studied. (49) iz formed from the tridentate ligand,
N- (2-diethylaminoethyl) salicylaldimine and has been stodied by X-ray
giffraction. The complex is close to planar, though the copper analogue shows
somewhal greaier distortion [184].

_OH

! N

v N o @

Br

(49 (50) D

The two oximes, (50} and (51) form complsxes of stoicheiometry [PdL.ZJ.
These have been studied by IR, electronic and Mossbauer spectroscopy [185] and
thermogravimetric techniques [186], all of which support the assemption of an
0,N-chelated strocture. The comaplexes [M (HL)2] .2H20 of resacetophenone phenyl
hydrazone (H2L, (52)) have been prepared and characterised. Coordination
occurs through the azomethine nitrogen and the adjacent phenolic oxygen, in a

square-planar, but polymeric complex [187].
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OH
H
NHPh
N H N e N OR
ON
N
H O HoN )\NHZ
52) (53 (54)
The kinetics of complexation of platinum (IT) with

4- (2-pyridylazo) resorcinol, {53), and analoguss have been investigated in
varions solvents [188].

2,6-Diamino-4-hydroxy-5-nitrosopyrimidine, (54), forms a tridentate
palladiom (II}) complex, [PdLCI] .2H20. which was characterisad by IR
spsctroscopy and DTA. Coordination is said to occur through OH, NH2 and the
ring n-3 [189].

The complexes, [PdL2], of 3-methyl-4- (4-methylphenylazo) pyrazol-5-one,
(55), and analogues are reported to be square-planar. Neither the mode of
ligand binding nor the stereochemistry of the complexes are spscified [48].
Somewhat better data were provided for complexes of
3-amino-4-arylazopyrazolones. Again it is the anion which iz metal bound with
the structurs (56) proposed for the [I.de] complax. The strocture of
(PdL, (H,0),] is less clear [150].

Many hydrazides, including malonodihydrazide and ethanoyl hydrazide,
fornm metal complexes as unidenlate nitogen donor ligands. However, HCC)I\II-ITI\[E'I2
acis as an o,N-bidemtats ligand in [LPdClz] with binding from the carbonyl
oxygen and the terminal NH, group {191]1. 3-Phenylhydrazono-5-methyl tetronic

acid, {57), LH, and 3,4-di(phenylphydrazono) -5-methyl tetronic acid, (58}, HQ,
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exist as a mixture of several tautomers. Reactions with ¢rans- {Pd(NH3)2(N03)2]

give respectively [Pdl.z] and [Psz (NHgJ 2}, the strncture (59) being proposed
for [PdL.2] [192] .

Ol‘v\g U///\NiH
H H
(55a) (55h)
NH2
O™y
,?M\O NH
(56)
NHPh
ol '
Ao b = NHPR
57 (58)
Ph
|
/\l-—N
'Y,
H’/ \
|
Ph

(59
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The CD spectra of [{quinine) PdCl,}.2H,0 and [(quinine) (P4CD ,] .5H,0 have
been determined in dmf{ and dmso. There are strong Coltton effscts in the d-d

rangs. Quinine is thounght to act as an O,N-chelate in (60} [193].

SMe
J\)Ni
{solyent }11'11'(.'[2
(60) {61)

Ligands capable of multidentats coordination continue to be developed.
4-[2- (Methylthio}anilino} -3-pentene-2-one, (61) was prepared by condensation
of pentane-2,4-dione with 2-methylthiosnitine. Reaction with NaziPdC14] gives
[Pd{(61)3Cl] in which L is o0,5,N-coordinated. Transformations of this complex
are shown in Schems 4 {194},

The complexes, {Psz] , of phenanthroguinone wmonothicsemicarbazone, (62}
and 2-hydroxy-1,4-napbthoguinons thiosemicarbazone, (63), were preparsd and

characterised; their stereochemistry iz not known {195].

LYY (63}
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Scheme 4 Transformations of [PA(61)}L] [194].

(64) (M = Cu, Pd or Pt) is preparad by hesting under reflux a mixture of

MC]2 with the ligand in ethanol. The ligand is prepared from anthranilic acid
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and 4-methyl-7-hydroxy-8-acetylcoumarin [196] .

(64)

Reaction of the binuclear complex, (65), with indole causes replacement
of the acetate bridge with an indole bridge. Using 3-hydroxypyridine, two
isomers, both n,c-bridged, are formed, (66) and (67); in (67) the OH function
is linked to another molecale [197]. Binuclear complexes of structure (68},
are formed from  2- (x-pyridonimino) propancic acid (X = CH2CH2) and
2- (x-pyridonimino) benzoic acid, have been prepared and characterised [198].

G X 0
¥ N Y Cy
Pd P
(65)
H
QM
4 4

(66) ©n
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\\\ ’// \\\Pt
/ /\\

(68)

1.58.2.7 Bidentate orygen cardbon donor ligands
Reaction of [PL{(PPh,},(0,)] with aan alkene R,C~C(CN), (R = CN or
Me) gives a cyclic species (69). An X-ray diffraction study of the complex
with R = Me teveals distorted square planar coordination about platinum with a

twisted five-membered ting [199].
PhyP

{9

1.5,2.8 Unidentate sulphur donor ligands

The tate law and temperature dependence of ligand exchange of dimethyl
sulphide in {(Mezs) 2PdC12] was studied by lg MR spectroscapy in vartious
solvents. nV* iz correlated with the solvent electrorestriction parameter,
implying a highly symmetrical associative ligand exchange pathway with a
trigonal bipyramidal transition state or intermediate [200] .

The rate of reaction of R,S with [(dien)PtBr]" was studied in 95%
methanol; the second-order rate comstant is relatively insensitive to the
elecitonic effect of R, but is fedeced for bulky R growps [201]. The
ets-effect of the ligands L = R2$ or R,S0 on substitution reactions of

2
[{en) PtLX]+ by halide was studied potentiometrically. Asn associative mechanism



is proposed with the cis-influence decreasing in the order MeQSO > Mezs >

Et,S0 > Ei.S > Pr

2 2 2
Trans- [ML2C12] (M =Pd or Pt; L = (70, (71} or (72)) may be prepared

S0 > PrZS f202] .

by reaction of 'KZEMC14] with L. The complexes were characterisead by IR
spectroscopy and DTA and their antibacterial activity studied {203]. Dynamic
NMR spectroscopic studies of analogous complexes of thiacyclohexane,
thiacyclobutane and 1-thia-3-methylcyclobutane have been carried out. The
variation of the rate of inversion at the pyramidal sulphur atoms with
pressure  was  determined; th is very small, implying that there is little or

no panticipation from solvent in the process {204].

R R
Ph
/E _~Ph
Ph 57 ™ pn S
Ph
R = H, CHy or Ph R = CHy or Ph
70) on 72)

Fusion tn vacuo of [PtL,(SR),] (L = PPhy or PMe,Ph; R =~
CH,Ph or 4-methyl-C H,) yields the dimer [{LPt{(SR) (u-SR)}zl from
both cis- and trans-isomers. An X-tay diffraction study of
[fPt(PMeth) (SCHzPh) (u.-SCHzPh)}2] shows that it has cts-geometry,
with the benzyl groups of the bridging thiolato ligands antt to sach other
[205]) .

That sulphides. coordinate to palladium more strongly than the
corresponding sulphoxidez received an interesting confirmation im a study of
the complexes (73)-(75) (R = 4-mathy1-C6H4). (73) is the best catalyst both
for cyclotrimerisation of diphenylethyne and isomerisation of aliyl
ethanoates. In both processes a vacant metal coordination site 1is essential
and the sulphide sulphur is too sirongly bound for facile dissociation [206].

The thermochemical aspects of the conversion of the Magnus salt
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compounds [Pt]'..4] [PI:C14] (L = R,S, RN ar R3P) to [PtL2C12] have

been investigated [207].

1 C
lei—me R—S—H-CHZ—-?F CHy / /F"d<
Cl—Pd—Cl Cl— P —Ci (S Cl
| )

R— 3—Me —S— CHy— S —CH
R k R— 5\0
73) (74) (7%)

The complexes [PtL4]X2( where L is a thiourea and X = Cl, I, {BF4],
(BPh,], 1/2[50,]1, 1/2[C,0,] or 1/2[SiF,]) have been investigated. They
are comparatively weak slectralytes since the MH2 of the thiourea forms
hydrogsn bonds to X, the sirength of which increases with decreasing size and
increasing charge on X~ [208]. The mechanism of reaction (24} has been
investigaied [209].

Na[ClO 4]

trans-[Pt(NH,) ,Cl,] + tu ———————s trans- [Pt(NHp), (tu) CI] CI (24)

The nephrotoxicity shown by cLs-fPt(NH3)2Cl2] in cancer treatment
is  alleviated by coadministration of sodiom diethyldithiocarbamate, so
the reactions of thioccarbamates with platinom complexes is  of some
interest . The preparation  of trans- [MLZX2], M = Pd or Pt, L =
N,N-dimethyl-o-ethylthiocarbamate, (76}, and N-methyl-o-ethylthiocarbamate,
(77), by a new method, has been described. The complexes were themselves
tested for cytostatic activity; derivatives of (76) gave poor rtesults, whereas
moderate activity was detected in the platinum complexes of (77} ([210]. 1:2,
1:3 and }:4 derivatives, [ML2X2], [MLB'X]X and [ML4]X2 {M = Pd or Pt;

X = Cl, Br or 1) of o-ethylthiocarbamate have also been synthesised. IR
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spectroscopy doss not allow unambiguouns structural assignment and L is partly
dissociated [211].

Reaction of [Pd}(z] Ol = Cl or Br) with Ph,PS.or PhyPSe gives complexes
of stoicheiometry [PdLX,] or [Pd,L.Br,] [212].

1.5.2.9 Blaentate and mulilidentate gulphur donor ligands

The bridged bimetallic species (78) functions as a bidentate ligand
towards other metal ions including Ni(II}, Pd(II}, Hg(I) and An(I) to give
heterobimetallic species such as (79) [213]. Tridentate and bidentate bridging
sulphur atoms are also found in (81) which is formed by the reaction of (80)
(L = cp) with [Pd{PPh,},Cl,] {214].

S PP
NS
7N [Fe(dmt 1IBF,1, [Pt ——Ptly
PPh 4007472 5 S
3 > N\ \\.Ri<\/ 8,1,

S PPh Ne
/PPhy 5 s
\ Pt\ L‘ZPt -~ ~ Pt L2 -
PPhy
(78 (79)
s PPh,
L—Crr\-——*Cr-—L + ifF'h3P)2Pdc'21 - Meacsx.._k\F!d/SCMe:;
.
Me,CS SCMe, /
)
Q—Cr—"" " TCr—L
L Cl
(80) (31)

Oxidative addition of (82} to {Pd (PPhg) 4] yields (83), which was fully
characterised by X-ray diffraction [215].
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\ _IRPPh,! l l

A S Fe ——>Fd ——PPhj
£ / (
S :
82 (€£Y)

The structure of {[{dppe) PtS4] has been established by X-ray diffraction
to be (84); the central S-S bond is shorter than the others [216].

th

\ o

/ \5/5
th

(84)

Diallyl sulphide, L., reacis with Kz[PtC14} to give 1:1 and 1:2 complexes
[Plz(wl.) 2Cl4] and [Ptz(p-L) C16] 2" in which L is bidentate and bridges through
the sulphur atom [217].

Stereochemical aspects of the complexes of bidentate thicethers have
been investigated. The 1°°Pt NMR chemical shift in [{R'SCH(®R?)CH,SR'}Prc1L]
depends both on ligand basicity and molecular conformation. The s5-» transition
is relatively easy in the five-membered ring [218]. X-ray diffraction studies
of (85) show that in the solid state the palladium has square planar
coordination with the phenyl groups anti. Adjacent molecules are linked by
I--1-T--1 “bridges giving an essentially linear I 4 Arrangement [215, 220].
Palladiem (II} is extracted from deC14]2' solutions by C8H17S(‘H2CH25C8H17’ L,
as  a five-membered neutral chelate [221]. Total band shape fitting mathods in
the NMR spectra of (86) and (87) where the chelating ligands include
MeSCH,CH

2772
or (88) and X = Cl, Br or I, provide accurate inversion barriers at sulphar

SMe, MeSeCHchzseMe. MeS (CH2)3SM0, cta-MeSCH=~CHSMe



and selenium. 3p-2p n-conjugation between sulphur and the conjugated backbones
causes a lowering of the barrier by 10-12 &J rl:u:ol'l [222]. In both (89) and
{90) sulphur inversion was found to be fast at room temperature. If bromine is
replaced by chlorine in (90) the barrier is lowered by about 20 LJ 1mc'nl_l
{223].

A
@i \FH/ 12 x\‘ /
N /\
Ph
(85) (86)

Me\\ /

/ \ CH3
SCH3
(87) (88)
Me Me
Ny Me\l/ S’\ | / ¢
Me”. N\
ME SMe M
Br ¢ Me Br
(29 90)

More detailed studies of dithiolates have been published. The structure
of [Pt(Szczth) 2] iz describad {224]. EPR spectra of the one-electron
reduction products of this and its palladiom analogue confirm that the
reductions are ligand based. Cyclic voltammetric szstudies show a quasi
reversible redox procass (reection (25)); in (91) the unpaired electron is
delacalised over both metels and to some ertent the central metal atom [225].

Two reversible reductions were also noted for {(92) (M = Ni, Pd or Pt;

49
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R, R" = CMea, CF3, Ms or Ph); again the electron transfers are ligand centred
{226] . The electrical  conductivities of  [Et,NI[Pt(S,C,Phy)},] and

[Et 4N] [Pt(52C2M32)2] have been measured. The monoanions bearing a phenyl
substituent are more conducting by a factor of 1(}3 than the cyano analogues,

possibly due to increases mobility of the charge carriers [227].

Ph S- Ph p ®
1/ o h S\H/ . ~Ph ]
.J'

(81)

oo

Ph 2+
15\]1 5 Ph-!
M (25)
Ph 5/ \Sf Ph
—H

(92)

The new complexes (93) have been prepared; they luminesce in the solid
state at room tamperature and in frozen glass media. The small Stokes shifts
imply that the excited and ground state geomeiries are similar and Lhe
emission absorption system is assigned to a ginglet triplet d—r: (mnt} metal to
ligand charge transfer [228].

Simple dithiclates of the type [L2Pt(SR) 2] (L= PPh3. PMezPh or PthMe)

are prepared by treating the corresponding chlorides with RSH/EtaN. The



L\ /":U:C” L,L' = cod, P(OEt),, P(OPh), or dppm
/N
L CN

(93)

eta-complex is isolated for R = CH3CH2CH2, (CH3) 2Cl'-l or PhCH,,, whilst the
trans species is obtained with R = 4-msthylphenyl. The cyclic compound, (94)
is obtained from cf.s-[PtL2C12] with HZS/K2C03/CH2C12 [229]. The structure
of {95) has been determinad by  diffraction methods [230]. In the
paltadium (II) /unithicl, (96), system, intermediatss with palladium:L ratios

1:2, 1:1 and 2:1 were dstected by elecironic spectroscopy [231].

5\ /PPy 3H
/S Pt S04 Na
3
N SH
(54) (95) (96)

Complexes of bidentate phosphine sulphides are somewhat more stable than

thase of monodentate analoguaes. lur!eezP(S)P(S}Mve2 forms a five-membered chelats
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complex whilst Ph POOCH POOPh, (X = S or Se) form six-membered chelates
2 2 2

[LPdX’z] [212]. R"l'Rzl"(SJl:'(S]R]'R2 also forms five-membered chelate complexes

with palladinm(II) and platinam(II) [232). Complexes, [‘LPdClzl of (97} and
(98) have been studied by diffraction methods; the ligand adopts the gauche

conformation [233].

3 5
RaN ﬁ ‘!/NRZ
N

I
—P(NR3} y R=Et R" =Cy

57 (98}
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Interest in dithiocarboxamide complexes has continued. The

bis(dithiocarbamate), (99), is prepared from Na[52CNR1R2} and PdCl or

2
K, [PtC14]. Infrared spectroscopy confirms the bidentate structure [234].
Thermolysis of (99) (Rl = R2 = 4d-ethoxyphenyl) vyields palladium sulphide
(235] . Restricted rotation about the C-N bonds in (99) [Rl - H, R? - CH2CH2Ph)
has been studied by high performance liquid chromatography. aHt for the
rotation was determined to be 83 + 5 LS mol-1 [236]. By contrast, (100}, on

thermolysis, yislds initially Pt[SO 4] and finally PtO {237].

o= o

S

S
R1R2N<;M@NR1R2 Mel i 0 T/ Me

Ph Fh

(99} (100}

Reaction of Na{SchMszl with [Ptz(PEtg) 2C14] gives the curious binuclear
complex (301). IR spectroscopy shows that the C-N linkage has considerable
double bond character [238]. (102) was prepared in 40-85% vield via reaction
(26) [239). A monodentate dithiocarbamate iz reported to be present in the
compiex [Psz(pip}zl .2H20 (L. = pentamethylenedithiocarbamic acid) [44]. (103}
is one of the complexes which, when anchored to silica gel, is a catalyst for

carbonylation of .lﬂanD2 to AINHCHO and ATNHCOOH [240] .

NME‘2

T
EtqP —-Pt—S~—Pt—-~0 Q_<S\FH/C‘\
| | 5~ \,/
o PEtS 2

(101} (103)
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Fh,P 5
~\
[(Phgp)thC'lz] + RNH, + CS, —— Pt NR (26)
VAN
Ph,P 5
(102)
R = CH,COOEt, CH,COOH, CH,Ph or C(CH,},

The metal atomic chatges it nickel, paliadivm and plstinum chelate
complexes of dithiocarboxylates were calculated from atomic polatizability
determinations and by the generalised Bom-Haber cycie [241]. Reactions of
(104) with HZ[PdCI 4] and Kz[PtCl4] were reported to give respectively [PdL,]
and [PtLd]. Curiously, howaver, the authors describs both as complexss of ths

metals in the +2 oxidation state [242].

52 _/PPhy
Pt\c/ S\Pt
n
cl
(104) (105)

Thermolysis of the formally Pi(0}) complex [Pt(f.z-csz) (PPh3)2] yields
13'5’1:13 and a polymer of structure (105) (243]. Oxidative addition of COS to
[Pd (PR3) 4] gives [Pd{PRg)z(SZCO)] in which the 82C0 moiety is coordinated
through both sulphar atoms. The structure of the complex for which RSP -
MezPhP was determined by diffraction methods. A  possible mechanism for the

process i3 shown in reaction (27) [244].
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/(O
Cos 5 cos /
[PdL,] ——— [PdL,) ————~ [PdL, (n°COS)] ———— szd\sl —
S
I
C
I
O
0
[
C 5
7N\ /
L,Pd S — L,pd C=O0 + CO @7
N, AN
$—C
Y
o

1.5.2.10 Ambideontate sulphur-nitrogen donor ligands

Stadies of linkage isomerism in thiocyanate complexes continoe. A
systematic study of [ (dia.mine)Pd(SCN)z] species is reported, including
diffraction studies of complexes of (106) and (107). It was concluded that an
increase in steric hindrance in the amine promotes ¥-bonding on the part of
the thiccyanate, but the bonding mode is also influenced by the physical state
of the complex, kinetic factors and the solvent in which the complex is
prepared or crystallised [245]. IR speciral data were used to establish the
mode of SCN coordination in eight palladiom(II) thiocyanate complexes with

phosphorus donor ligands [246] .

s Of\mz

(106) (107)

The linkage isomerism of [Pd(Et 4dien) (SCN’)]+ was studied as a function
of temperature and thiocyanate concentration in water and dmf. Conventional

wisdom suggesis that s-coordinated SCN adopis a bent conformation and hence is
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more sterically demanding than the linear N-coordinated isomer. The steric
effect of the ethyl groups in thizs case makes the N-bondad isomer more stable

by about 9 kJ mol L.

The mechanism of interconversion of the two isomers
involves both direct [SCN) ™ attack and a solvent modified pathway, both Ia
[247).

The kinetics of Jigand replacement in reaction (28} (L = sulphides,
selenides or sulphoxides) were studied in 0.1 M Na[ClO4] solutions. The
cta-effect of the ligands decreased in the order Me2$0 > MeZS > Mezsc >

Btzse > Przso >Pr.8 > Et280 > Etzs [248].

2

(Ptlen)LCUY + [SCN] ———— [Pt{en)LSCN)IY + Q1 (28)

The mechanism of sorption of a PA(II) thiocyanats complax by a polysther
type of polynrethane foam has been investigated. At low thiocyanate
concentration palladium 1is extracted as Pd(SCN)Z. At high thioccyanate
conceniration the teaction is more complex; [PA{SCN) 4]2_ is the major species
involved, but the dstailed process depends on the complexation of the cation
by the foam [249].

A bridging mode of coordination is proposed in (108) and (10%9), prepared
in reaction (29) (X = CN or SCN). There iz no evidence as to whether the
original An-SCN or Au-CN linkage is retained or whether isomerisation occurs
[250].

The ligands Me23i(NCS)2 and MeSi CNCS)3 complex to PdCI:2 through salphur
in [LPdClz], though with harder acids N-coordination predominates [251].
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[(CGFS)de(SO)zl + RN [CGFSAuX]

h

2[R4N] [CstAuX]

G

[R4N] 2 [CGFS-Aa- X-fl’d-X—Au- CGFS]

CeFs
(109)

i

5
[R4N3 fCGFS- Au-X-PcI!—SO]

CeFs
(108}

(25)

1.5.2.11 Bldentaie and multidentate sulphur nitrogen donor ligands

The complexes [PtLL’] (L = HSCH2CH2NH2 or 2-aminothiophenol; HZL’

- H2C20 4 OF RCH(COOCHS) COOH) have been prepared and characterised; L acis

ag am N,S-chelate [252). (110}

synthesised

from [Pt(en)Clz] and

2-thiopyridine; in the solid state it closely r1esembles the head-to-tail

isomer of the corresponding o-pyridonate complex [253}1.

)

N S N N
[:: :>P1(: \\\‘Pt<;

Hy S\Cj :/ H

A

T¢R1:)]

S
)‘l\ NHZ
RMH N=(

NH,

R = H, Me or Et
111)

range of complexes of 2-amidinc-2-thioureas, {111}, of the type

[MLZXZ] (M = Pd; X = CI or Br} have been prepated; all are s,N-bonded [254].

Preliminary d&iffraction data on bis{l-amidinc-2-thiourea) palladiem, (112},

have been reported [255].

Complexes [ML2] l{','l2 (M =Pt, Pd or Hg; L = 2a thioamide) have the
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B -
>—s 4
- /Nj LXK 9
HNC NH | Clp. 2Hp0 R |
N/FH\S 2 2
H
HoN NHy
(112 Q13

structare (113}, [MLCIEJ species have also been isclated [256]. Thioamides
such as (114) form related complexes (115) but species with the alternative

ligation (116) were also characterised [257].

N N 5

\5 NH, > NH
(1142) n = 2 (115}
(114b) n = 3

Me——5S~
Z:/N NH;
(116) an

Cyclohexanone thicsemicarbazone (HL), acts as an s,N-bidentate ligand in
M (HL)2:|X2 {M = Pd or Pt; X = Cl, Br or I). Under alkaline conditionz the main
species isolated is [MLZJ; the ligand is still 5, N-coordinated, this time
through the encl form, (117) [258]. An s,N-chelated complex [PdL2]C12.nH2O is
also formed from (118}, coordination occuring through sulphur and the NH2
group [259]. a-Diketone and a-ketoaldshyde  bishydrazones derived from
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hydrazine-s-methylcarbodithioate are proposed to give complexes such as (119)

[260] .
N:(
S R
)J\ \/N\ /
/N—-NH NH-—NH2 2 ,K / \
R N
SMe
(118) (119)
R =H or OH

The infrared spectrum of the polymeric species [Pt(HNSCCSNH)], has been
analysed indicating, albeit rather vaguely, a square-planar structure with a

eta-configuration (120) [261].

N / /
/Pt\ \S/Pt\ y

(120)

The Higand (121) (HL} forms tridentate complexes (122) with
palladiam (11} . Treatment with Ag(ClO 4:I in the presence of a coordinating
solvent, S, yields [P4LS][ClO 4] and the solvent may be replaced from this

species by a variety of Lewis bases [252].

» R
N NR ZaNL:
AN
> S X
MeS MeS

(121} (122)
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1:1 complexes betwesn (123} and 1-"dlCll2 and Pl:l[.l:’l7"5]2 have been prepared.
In the chloride, palladium is five-coordinate with a trigonal bipyramidal

stracture and two isomers, the cts,cis,cis and the cis,cts,trans, have been

T
Fordk

(123

crystallised [263].

1.5.2.12 Bldentate sulphur carbon donor iLigands

A complex series of transformations (Scheme 5) has been established for
complexes of the ligands XthPCHzPthY where X and Y are oxygen, sulphur or
selenium. All the complaxes (134)-(127) have been characterised for X = Y = §,
including a diffraction study of (126} which shows the four membered ring to
be essentially planar. (124) and (125) were characterissd for X = S, Y = O,
but the complexss in which X = Y = Se were less stable [264].

Reaction of (128) with [Pa(PhCN) 2C12] yields (129), the structure of
which was established by X-ray diffraction. The two six-membered rings adopt
different conformations, one being 2 twist-bost and the other a twist-chair
[265].

SMe

+ [(PhCN)oPdCl;]

(128) (129
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/PPhZX Buii PPhyX
CH, — LiCH\
PPhY PPhyY
(KEL3P)P 1,01, (EY;P),PE,CL ]
Phy
_X\ /’P[t3 18-bis d|methyl~ h P/X\\ /PEI?*
Pt 2 Pt
;’—Y/ \CI aminonaphthalene \[/ \C[
h
2 Ph2P=Y
(125) (125)
A I
PEt | PEE
; thi 3
X Cl Et 5P PE1q
Ph pF \ / \ /
PEt; i \\/ ct
PhoP=Y Ph,PY
(1285) (1273

Scheme 5 Transformations of complexes of bidentate salphur carbon gdonor

ligands [264]

Further coordination chemastrty  of sulphines, XY Cml=C, has
been investigated with the aim of synthesising unsiable
sulphines in 2 metal coordination sphere. Reaction of
cits-Z-1 (Ph3P) 2Pt {I1) (4- methyl- C6H4-S- CaS=0)Cl] with K{4-X- C6H4S] gives
cts-B- and cis-Z-[ (Ph3PJ 2E‘t(II) {4-X- C6H4S) {4-methyi- C6H4-S-C-O)] [266] .



1.5.2.127 Selanium donor Ligands
A detailed preparation of mixed ligand diselenocarbamates by reactions
(30) and (31) has besn published; the diselenocarbamates are synthesised from

CSe, and amines [2671.

{Pa (SeZCNEtZJ 2:I + [Pd (PPhZ) 2C12] — 2[Pd (PPh3) (332CNEt2) c1 (30)

61

(Pt (SeZCNEtz) 2] + [Math (PPhg) H——2 (Pt (PPha) (Me) (SechEtz) ] 3D

1.5.3 Complexes with aminc acids, peptidea and nucleic acids

Since most biclogically important molecules bind to palladium and
platinum through Group VI and Group V donor atoms, the practice of considering
them between ligands belonging to these two groups is continued. The
intaractions of palladium {IT) and platinum (I} with proteins and nucleic acids

have been roviewed [268].

1.5.3.1 Amino acids

The reaction of cis- |:l’t(1~IH3)2(OH2)2]2+ with glycine has been studied in
some detail. The initial reaction gives the o-bondad complex (i30), which is
in equilibrium with (131). Slow irreversible loss of H30+ from (130} gives the
o,N-chelate (132} in a self-inhibiting process. As the reaction proceeds the
pH falls from 4.5 to 1.5 and the process 1is substantially accelerated by
addition of base. Other amino acids undergo an analogons process [269]. The
syslem PdC12/glycine/H20 has besn studied by potentiometric titration to
determine the stability constants of 1:1 and 2:1 complexes [270].

A careful and detailed study of the IR spectral parameters of the
cis- and trans-isomers of the complexes [Pt(N'X2CH2COO) 2],
[PL(NX,CH,COOH),CL,] and [Pt{NX,CH,CONXCH,COOE),Cl,} (X = H
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or D) failed to reveal any changes which could be attributed to different
trang-effects in cis- and trans-isomers [271]. Glycine complexes of
palladinm (IT1) and platinem (II) react with amide acetals to yield 0,0-chelated

species (reaction (32)). The structure of (133} was established by X-ray
diffraction [272].

0
)j\ t
N0 CHzNH4 ~Ho SEANG O
Pi\ _— /Pt\ i
HBN/ OH, slow H 4N i[j/)
2
(130) (132)
!
Il NCH,COOH
— 2+
|H3N\ /0C0CH,NHy
IZAN
{HN OCOCH2NH-

(131)

\/N:L R_éR’, >M<:j% (32)

NMe,

M = Pd, Pt or Ca R = H or Ph; R'= Me or Et

(NMez

Ci\Pt/
Bu3P// \O

(133}
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The kinetics of the reaction betwean [Pd{en) (OH2) 2]2+ and glycine ethyl
ester have been studied [273].

The syntheses of sixteen new neutral complexes of the types [PtA212] (A
= DL-alaCEt, L-3laOEt, DL-phasQEt, L-pheQEt, DlL.-aspOFt, L-aspOEt DL-serOFEt
or L-lysOEt) and [PtA’2C12] (A’ = DL-21aOEt, L-alaCEy, DL-serOEL,
DL-pheOEt, DL-aspOEt or L-aspOEt) from K.2 [PtX4] and the relevant ester in
water have bean reported. Dipole moment data suggest that all ths iodides have
cta-stereochemistry. The chloro complexes of DL-alaQEt, D-alaOFt and DL-serOEt
are also cts, but other chlorides are trans [274]. The structures of
trans-dichlorobis (L-sthylphsnylalanate) Pt {II) [275] and
cts-dichlotobis(diethylaspartate) PL{II) [276] were established by X-ray
diffraction. Both are square planar.

Substantial differences in ths optical activity of the cis-bis chelates,

[PtL2] (L = ala, ils, D-lsn, pro or notvaline) and cis-[Pi{pro)L'] (L’ = ala,
ser, val or sarcosine) between aqueous solutions and a KBr dispersion have
been noted. The differnces are less pronounced for the trans-isomers. Analysis
of electronic absorption and CD spectra of the solids and the solutions
implies that there are strong intermolecular interactions in solid samples of

ets- [Pt (val) 2] , cts- [Pt(norvaline) 2] and trans- [Pt(pro) (ser)], possibly
attributable to hydrogen bonding [277]. Unidentate amino acid Pt{II) complexes
of the type l:Pl(LI-D:2'(thio)2:|C12 (thio = thiocarbamide; LH = L-alaH,

L-valH, L-tyrH or L-hydroxyproline) have been prepared and their -electronic
and CD spectra studied in aqusous and dmf solutions [278].

L-histidine complexes have besn studiad by potentiometiric titration.
(Pd(hisH),1C),, [(Pd(hisH)Br,] and [Pd(hisH)Cl,] alt have the amino acid
coordinated through the amino group and the nitrogen of the imidazole ring
{279].

Reaction of amino acids with [Pt{bipy) C'lz] yields [(Pt{bipy)L1Cl1 (L =
gly, ala, leu, ser, cys or mat). Conductivity measurements show that these are

1:1 electrolytes and 1H nmr spectroscopy demonstrates that gly, ala, leew and
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ser bond through oxygen and nitrogen, whilst cys and met are n,5-coordinated.

All except the leuncine complex show antiviral activity against tobacco mossic

virus [280). Kinetic data have bzen obtained for cis-trans isomerisation of
{Pt{amino acid) (dmso}Cl] by C1” or dmso (aminc acid = gly, N,N-Mezgly, pro of
garcogine) . The cis-N,s5-isomer is favoured for amino acids unsubstituted at
nitrogen. Rate data (from WNMR speciroscopic and radioisotope technigues)
imply, wonusually, thst ismoerisation via psendorotation of {Pi(amino
acid) (dm.so)C!z] " predominates by 2 factor of 4-20 over consecutive
displacements for the Cl™ catalysed reaction. The dmso catalysed isomerization
proceeds via consecutive displacements [2817.

Amino acids coataining sulphur have more modes of metal coordipation
available to them, and complexes employing these alternatives are well known.
The vibration freguencies and forms of vibrations for the {M0252] fragments of
cis- anrd trans- [ML2] {M = Pd or Pt; LH = cysteine} have been calculated and
compared with experimenta! IR spectra [282, 283). Reaction of Kz[PtCI 4] with D
or L forms of cysteine, methionine or methyl methionate hydrockloride gives
ci.s-[PtLClz], which are the First reported well-characterised enantiomericaily
pure neutral complexes of this type. Sulphur and nitrogen are the preferred
ligating atoms in (134) and sterscchemical inversion at sulphur is slow on the
nmr spectroscopic timescele [2841. S and N are also the preferted ligating
atoms in complexes of 5-benzyl cysteine, whilst gly-s-benzylcysteine is an
s, M, N-donor  [285). In  reactions of cts- [Pt(Nﬁg)z(OI-Iz)z] 2 with cysteine,
methionine and glutathione, the iniiial prodact has the amino acid ligated to
platinure via stlphur. On treatment with base the s, n-chelate is formed {from
the methionine complex and the s,0-chelate with cysteine [286). A CD study on
coordination of methionine and methionine coataining peptides to paliadiem (1)
shows that the amino acid is normally N,s5-coordinated, whilst gly-met @ an

N,N,5-donor [287].
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H2 .
Cl N COOR
\Ft/ \[/
Ci / \5 '/(CHz)n

(134) RRR* = Hor Me; z =1 0r 2

1.5.3.2 Peptides

[PdCl4]2‘ reacts with the dipaptide gly-pro to give the 1:1 complex
(135) and [proCOCH,NH,),P4CL]. Gly-gly-pro coordinates in a similar manner.
Coordination of cytidine to these palladium{II) dipeptide complexes is via
N(3); a monocytidine complex is formed where the peptide is gly-pro, but the
gly-gly-pro  species gives a Dbis{cytidine) derivative [288]. Cysteine
containing peptide complexes of palladium{II}) have been synthesised and

studied by 1I-I and 13

C NMR zpectroscapy. Only the thiolato gromp is coordinated
in trans-[Pd(peptide) 2C12]2- [289]. Binding of K2[Pt(CN) 4] to bavine liver
rthodanese has been siudied by diffraction methods; binding occars at one site

at the enirance of the active site pocket with interactions with arginine-136

pro X
N
<
2

and lysine-240 [290].

H

115

1.5.3.3 Nucleic actds and nuclacsides

The complex EPd2C12Ad2 (AdH)] -2H,0 (AdH = adenine) has been isolated
and charactericed, The most probable struciure is (136) [291].

The reaction of [Pd(en)} (0H2)2]2+ with purine nuclecsides and nucleotides

was studied by NMR spectroscopy. For inosine, guanosine, adenosine, 5'-IMP,
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<N ﬁ
N
HzN—_ Pd “—“’"*NHQ

| Mi}/\

(136}

5'-GMP, 5’-AMP, 5 -ATF and 2'3'-AMP reaction occurs at N{7) in acid
solution and N(I) in base. Near neutral pH polymers and mixtures were formed,
Earlier work suggesting that N(7)-0O(6) chelation might be important was
largely discredited [292]. The complex [Pd(en) (AMPJ]2+ enhances the stacking
of AMP io a greater extent than the analogue, [Pd{dien) (AMP)]%. It is thought
that AMP may bridge {Pd(en)} units by coordination through both N(1) and N(7)
[293]). This series of complexes closely resemble those reported last year with
the cf.s-[Pt{NH3)2} unit.

Treatment of [sz(,u—Cl)zQz] {HQ = methylcysteinate) with nacleosides,
HL, yields [PAQ(HL)CI]] in dmso solution. N(7)} of the nucleoside is bound trane
to the suiphur of methyl cysteinate. In water guanosine and inosine are said
to bind through O(6) as well as N(7), but chelating and dimeric structures
were not distinguished [294]. cis- [PtLL'CIZJ.nHzo (L = gly orala; L' =
adenosine, guanosine, inosine, cytidine or uridine) have been prepared. The
amino acids bind as monodentate ligands through the amino nitrogen, adenosine
and guanosine coordinate at N(7), inosine at N(1} and cytidine and uridine at
N(3) [295).

Reaction of inosine, {137), with [Pd{en) Cl,] has been monitored by
stopped flow techniques. At pH < 5 initial coordination is to WN(7) and the

reaction mechanism involves a substantial contribution from a solvent mediated
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pathway [296].

'
H
S

Ribose

(137

A range of complexes of inogine, guanosine and ranthosine and their
derivatives has been prepared, including cts- [PdLZJ, cts- [Pd(HL)2C12] and
[MLIL?'CI] (M = Pd or Pt; HL = triacetylinosine, triacetylguanosine or
triacetylxanthosine; L1 = py; I-IL2 = inosine, guanosine or xanthosine)}. The
authors concluded that N(7)-0Q(6) binding occurs from IR spectroscopic
evidence, but some of their assignments lack rigonr [297].
[Pt{bipy) (nncleosida)2] C]:z complexes of guanosine and inosine and their
analogues nsing bipy, o-phenylene diamine and 4,5-dimethyl o-phenylene diamine
(LL) are prepared by treating [Pt(LL) Cl2] with an excess of nucleosids.
Spectroscopic  dsta indicate the customary N(7) binding [298). Similar
complexes, ctn-[PtleT_.z] 2+. (L = guanosine or $%-methylhypoxanthine; L2 -
HzN (CHZ) aNH,, bipy or (138)) wers prsparsd by Dutch workers and studied by
NMR spectroscopy. Rotation of 11 about the Pt-N(7) bond is fast on the NMR
timescale for H N (CHz) oNH, complexes but slower for those of MezN(CHz) gNH,.
In the complexes with (138}, rotation is fast at room temperatute but may be

slowed by cooling [299].
4l 3
5 NH

Q!

(133) (139)
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X-ray diffraction studies generally give the only definitive verdict as
to the involvement of O(6) interactions in metal coordination of the purine
necleotides, In [Pt(Q‘methylguanineH)Clgl .HQO diffraction methods show that
platinum is bound only at N{7) with no interaction with O(6}. The structure of
[9 -melhylgaan{neH]Z{PtCIG] .H20 was also determined; this is a true salt with
guanine protomated at WN{7) [300].

Reaction of cts-[Pt(NH3}2C12] with uracil, HL, (139) vyields
cts-EPt(NH3) 2]'_Cl], Howsver, when the 5-position iz substituted with F or Cl,
cis-[Pt(NH?’)sz] is the main product. The 5-bromo and 5-nitre compounds give
mixteres. 5-Nitrouracil coordinates through N(1), as does wuracil in
cis- [Pt(NH3)2LCl], but all the other complexes are N{3) bound [301}. An
analogous complex, cis- [Pt(NH3) 2L(:l] (L = 1-methyluracil, N{3) bound) is also
reported. Treatment with Ag' may yield cts-[{NH;),LPt(x-OH) PtL(NH,) ,].

The head-to-head dimer, (140) may be obtained by reaction (33}, In (140)
diffraction studies show that W(3) and O(4) zre metal bound [302]. Reactions
of cts-(PtCNHB)z(OHZ)2]2+ with uvracil, thymine or cytosine in the presence of
air generate a new series of platinum blues. Their straoctures are not yet well
defined but the complexes inhibit two mitochondrial enzymes and DNA synthesis

in B, coti [303]

cts- [Pt(NH,), (H,0) 212“ + cte- [PLINHY,L,]
cts-haad-to-head- [ {Pt (NH3) 2'L} 2] 2+ (13)
{140)

A 4

The reactions of {{en)Pd(I1)} with wridine, cytidine and their
5’ -monophosphates have been used as 2 model for the analogons interactions of
the cf.s[~(NH3)2Pt} moiety. The procass is extremely complex with five
different complexes identified using uridine and seven with cytidine.
Stability constants indicate that Pt{II) binds nucleobases about thirty times

more strongly than PA({IT) [304]).



Two papers report the binding of cytidine to palladium(II) peptide
complexes. NMR  spectroscopic  studies of the species formed from
(gly-gly-QE} PA(ID), (gly-tyr)Pd(II) or (asp)Pd(II) indicate that two types of
complex are formed in which the donor atom of the nucleoside is N({3) of the
pyrimidine ring. The complexes differ only in their conforamation about the
Pd-N(3) bond [305]. An X-ray diffraction study of [(gly-tyr) Pd{cytidine)] .6H20
gives somewhat more definitive information. In (141) there is a hydrogen bond

from the tyrosine OH 10 the glycine carbonyl in the next molecule [308] .

NH,
0 a

N Q
oY Y

H OH HZN N

(141)

An ¥-ray diffraction study of a second modification of the
head -to-tail dimer, bis {z-1-methylthyminato-N¢3),0¢4))} bis{cts-diammine
platinam (IT)} dinitrate 4.5 hydrate, iz 71eported. Differentiation of the
head-to-head and head-io-tail dimers is not easy by IR or NMR spectiroscopy.
However addition of Cl° cleaves Pt-O but not Pt-N  bonds yielding
cls- [Pth3)2(l-MeT)2] {1-MeT = 1-methylythyminato) and cis- [Pt(NH3) 2-C12]
from the head-to-head isomer and cts-[Pt{NH,),(1-MeT)Cl] from the head-to-tail
compound [307].

Reaction of K,{PtCl,] with [Hg (HTh) <l 4] .H,O (HTh = thiamine,

(142)) yields [HgPtzTh2C16] . Two possible structures, {143) and (144),. where N
is N(1) of the thiamine may be propossd. Related complexes [CdPtThClS] and
[ZnPtThClal were also synthesised [308]. Oxythiamine, in which the NH2 group

of (142) is replaced by OH, is less basic than thiamine and hence coordinates

69
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less strongly to both Pd{II) and Pt(II}). The 1l:1 complex formed with [PtC14] 2-

is easily isolable but that from [PdClA]z' is not so tractable [309].

NHz
.‘_
\]-'"N
1
(142)
Cl l
d \ Cl cl
v | P
N—— lt —Hg—-Pt——N N ‘t g\m/l ‘
cl Cl
Cl ct
143) {144)

Interactions of cf,s~[Pt(NH3) 2C12] with small oligonuclectidas have been
stndied as models for the binding of this chemotherapentic agent to DNA.
Reaction of the dinucleotide guanylyti{3’-5')adenosine {(GpA) with cis-platin
gives two 1:1 products in which {Pt(NH3) 2}“H binds to the N({7) sites of
guanine and adenine. With [Pt(NH,),CII1C] four products may be isolated; the
main component is a2 1:1 species in which [Pt(NHg)z] 2 binds ta N(7) of guanine
£310].

Conformational analysis of d{GpCpG) and cis- [(NHg)ZPt{d (GpCpGli]
has been performed by NMR spectrosopy at 500 MHz. Platination affects the
sugar  conformational equilibrium to favour the n-conformation, with an
increase of anomeric effect. In the platinated complex the cytosine tums
away, giving 3 Tbulge [311]. The products from the reactions of
cts-[PthH3)2C12] with d{CpCpGpG), d(GpCpG), d{CpGpCpG),
d(GpCpGpC) and d(CpGpCpG) were characterised spectroscopically. Platinum

always binds at N(7) of guanine, where possible to two guanines. No
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interstrand complexes were formed, despite the self-complimentary nature of
the oligonucleotides {312].

The preparation of [Pt (dmtp) 4] (Pt(SCN) 6] {dmtp -
5,7-dimethyl[1,2,4]triazolo[1,5-a] pyrimidine, (145)} has been described. The
complex was characterised by X-ray diffraction; dmpt acts as a monodentate
ligand through N(3) of the triazole with no participation from the pyrimidine
N(4) . This is the first example of an X-ray determination of the structure of

the s-bonded [PL(SCN)(1®" anion [313].

.o
(145)

1.5.3.4 Cancer cheamotharapy

The complexes ci.s-[Pl(MeZCHNHZ)zXz] .nH20 (X = C1, Br,
1/2 [C204]2' or 1/2{OOCCH2COO]2-) were prepared by reduction of
KZ[P‘I.CIG] by N2H4 followed by reaction with the appropriate anion. Oxidation
with H202 yields trans- [Pt(MGZCHNHz) 2}(Z(OH:IZ]; the complex with X2 -
oxalate was the most effective in suppression of L-1210 lewkasmia in mice
[314] . Diatnine complexes, [PtLXz] (X = Cl, Br or I) of (146) and (147) wers
prepared and characterised. Their anti-tumour activity and toxicity are lower
than that of cis- [Pt(NH3) 2C12] £315]. Analogous palladinm and platinum

complexes of thioproline, (148) also show some cytostatic sctivity [61].

X
[Nj —
N
X = CH2 {146} S\/
X=-0 Q4D

NH2 (148)
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eta- {Pt(metronidazole) 2C12] is prepared from KZ[PtC14] and the ligand
(149) . On melting, the trans-isomer is formed and both were characterised by
X-ray diffraction as being coordinated through the sp2 nitrogen atom. The
cis-compound has been used as a radiosensitiser of hypoxic tumour cells
towards X-irradiation [316]. In cis-[Pt(HL) 2C12] (HL = sulphadiazine, (150))
platinum is, as usual, coordinated to the softer basic atom, the nitrogen of
the pyrimidine ring. In cts-K{PtLClz_'l additional coordination is thought ta
occur through oxygen. Both compounds are cytotoxic in vitro to Hela cells and
cts—K[PtLCl2] showed anti-tumour activity against P388 leukaemia. These first
reparted platinum sulphadiazine complexes are less potent than cis-platin, bat

also less toxic [317].

OH

(149} (150)

The reaction of [Pt{dien) CI]Cl with salmon sperm DNA has been investigated.
Binding at N(7} of guanine occurs at levels of fixation of < 0.1 Pt/DNA. Above

this level coordination to N(7) of adenine is also important [313].

1.5.4 Compleras with Group V donor ligands

1.5.4.] Unidentate amine donor ligands

The electronic structures of cis- and trans-[Pt{NH,),Cl,] have been
studied by the CNDO/2 method [319] and their IR and Raman spectra were used to
clarify structrural features [320]. The cia-isomers of [Pt(NH3}2X2] (X = (I,
Br, I or BCN) had lower stability towards y-itradiation than the

trans-analogues, in accord with data previously reported for (Pt(NH3)2XY].
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cte- [PL(NH,) ) ¥Y,] {Y, = oxalats or (NO,),} have anomalously high stability
(321].
Further studies of the aligomerigation reactions of
cls- [Pt(NH3)2{OH2)2]2+ between pH 4 and 5 have been published. The bis
u-hydroxo dimer is the only dstectable product under these conditions (322].
The reaction of this species with adenosyl cobalamin and alkyl cobalamins has
been studied. An adduct involving the "“base-off® form of the ozganocobalamin
is formed rapidly and reversibly, followed by rate determining ligand exchangs

betwean N(3) of a 5,6-dimethylbenzimidazole ligand and H,,O at platinom {323].

2
The reactions between cts- and crans-[Pt(NH3) 2C12] and HzNCstogH
(HL) have been studied in some detail {reactions (34) and (33)). However, on
reaction with cts- and trans~[Pt(NH3)2(N02)2] either ammonia or NO2 is
preferentially displaced, according to stereochemistry, in reactions (36} and

(37). In all cases the ligand is bonded through nitrogen [224, 325].
cf,s~[P1.(NH3)2C12] + 2ZHL———> cia- [Pt(NH3)2L2] + [Pt(NHEJLZ(HU]

H,O

272
[Pt (NH,) , (OH) L] (34)
trans- [Pt(NH,),Cl,]  + 2HL——— zrans- [PtINH,) L] (35)
cts- [PLINH,) ,(NO,) )]+ 2HL——cts- [Pt{HL),(NO,),] (36)

trans- [PICNH3)2 (NOZ) 2] + 2HL — trans- [Pt (NH3) 2(N02) L] +
trans- [Pt (NH3) 2]..2] (17

Microcalorimetric measurements of enthalpies of thermal decomposition of
cts-[PtL2X2] (L = NH,, amine or pyridine; X = Cl, Br or I) have allowed the
determination of the standard emthalpies of formation of these complexes. Bond
dissociation eneergies are slightly less for pyridine complexes than for those
of ammonia [326].

The kinetics of substitution by [CN]~ of [Pt(NH3) 4]2*“' [,Pt(py)4]2" and



4

[Pt{en) 2] 2+ have been studied spectrophotometrically. the kinetic trend is
similar to that for the kinetic trans-effect [327]. The interaction of
[Pt(NH3) 4]2+ and Fe(N03)3 on a silica gel surface during bimetallic catalyst
preparation has been investigated [328]. Reactions of
trang- [Pt (NH,),(ROH)CI] [CIO,] with azabenzene and amincazobenzene have
been studied [329].

The reaction of [PtLCl3]- (L = PMe,, PEt,, PBu,, PPh,, F’(OMe)3
or AsEtg) with a range of amines (am) to yield trans- [Pt(am)LClz] has been
investigated from a kinetic standpoint. The lability of chloride 1is strongly
dependent on the nature of the donor atom in L. The equilibrium constant for
the reaction also depends on L, but the variation, which represents a
trans-infloence, 1is less than the trans-effect and does not follow the same
seqeence [330].

QOxidation of cts- or trans-(Pt(RNHz)zmz] by [AuCl4]- in the presence of
[E1.4N] Cl has been investigated kinetically and reaction mechanisms proposed
[331].

Trans-complexes [ML2C12] (M = Pd or Pt; L = (151a) or (151b)) have been
prepared and characterised by IR spectroscopy, conductivity measurements and
DTA . Both ligands act as monodentate N-donors and the platinum complex is more
stable than the palladium analogue [332]. Further 1:1 and 1:2 complexes of

palladium with iminodiacetic acid are reported [331].

NH,

]

(CHY,

(151a) n = 2
{1516 n = 3

The preparation of [PtLC12] .2H20 (L = hexamethylenstetramine) is
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reported. Despite its apparent stoicheiometry, IR spectroscopic evidence
strongly implies that the platinum is interacting directly with a single
nitrogen atom of the ligand [334].

Reaction of cis- [PtL2C12] (L = PEt3 or PMezPhJ with Na[NPhZJ yields
cts-~ [Pth(Nth)Cl], which was characterisad by X-ray diffraction.
Bis-substitution occurs with the sterically less demanding nucleophile, sodiom
pyrollidinate [335].

Extraction of palladiam(II) from 0.25 - 0.5 M sulphuric acid may be
achieved using chicroform or toluene solutions of 4-octyl aniline, L. The
organic phase contains [L.de(SO4)], in which [0 4]2' acts as a bidentate
ligand [336).

cts- and trans- [Pt(NH20H)2(N02)2] and trm-mmﬂon)Z(Noz) cll,
in which both NH20H and NO2 are N-bonded, have been subjected to normal

vibrational analysis [337, 338].

1.5.4.2 Unidentate heterocyclic deonor tigands

Luminesecence, elecironic absorption and magaetic CD  speciroscopic
measurements on the cta- and trans-isomers of [Pt(py)2C12] allowed the
conclusion that for the cis-compound the LUMO is a2 meial d-orbital {339]. IR
aud Raman spectra were analysad to give mstal-ligand bond strengths [340]. DTA
and IR measurements on the solid cia-isomer show that it is converied to the
trans-complex at 115 «C. The cfts 10 trans transformation of the dibromide
occurs at 96 <C [341].

The photochemistry of tram-[PtLlLZCIZJ . where LL iz 1 methylpyridine
and L2 is (152} or (153), has besn imvestigated. The complexes undergo
eis/trans isomerisation of L2 as the only important photoreaction [342]. The
kinetics of the rteaction of [PdCl 4] 2- with pyridoxol, pyridoxal and
pyridoxamine are complex. Coordination occurs through the pyridine nitrogen
atorn  in [PdL2C12] for pyridoxal and pyridoxol, but under acidic conditions

pyridoxamine forms a salt [343].
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Ph/j\“‘/\ NH3

(152) (153)

The complexes cis- [Pt(NH3)2(CSH4NOH} Cl1] [NO3] , (154),
and cts-['Pt(NH3)2(CSH4NOH)2] Clz, {155), of 2-hydroxypyridine have
been characterised by X-ray crystallography. Only the pyridine nitrogen atom
is metal bound in each case and in the bis-compound the two heterocycles are
oriented in an art{ rotational conformation. Treatment of (154) with chlorine
yields mer- [Pt(NH3J 2(C5H4NO) CIEJ; deprotonation of the ligand is
promoted by the high Lewis acidity of platinum (IV) [344],

2-Substituted 4.4,5,5-tetramethylimidazoline-1-oxyl-3-oxides, (156),
have been converted to palladinm and platinumm  complexes, [ML2C12], with
binding through the pyridine nitrogen atom. There is no interaction between

the unpaired electron and the metal [345].

(154)



?o
R = 2-pyridyl, 3-pyridyl or 4-pyridyl
R
._—__-N .

0

(156)

The  salts, [LH]2[PtC14], on heating in the solid state vield
cta- [PtL2C12]. Among the bheteracyclic ligands, L, investigated were
2-aminopyridine, benzothizole and benzotriazole; the presence in the ligand of
an additiona] proton acceptor leads to an increase in the temperature of the
Anderson rearrangemant [348].

As usual thers are many reports of imidazole complexes. Reaction of Pd){2
with L in a 2:1 ratio (L = 2-methyl-, 2-ethyl-, 2-isoc-propyl-, 4-methyl-,
1-maethyl-, 1-vinyl-, 1-vinyl-2-methyl-, 4-methyl-, 1,2-dimethyl- or
2-ethyl-4 {5) -methyl-imidazole) gives [PdL2X2] (X = Cl or Br). With an excess
of the imidszole ligand the product is [PdL4] X2. The stereochemistry of the

compounds prepared by this toute is unfortunately not given [347, 348]. X-ray

X
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diffraction studies of trgns-Pd(1- methyhmxdazole) 2] [349] and
trans- [PA{2-methylimidazole) 2C12] [350] are reported. Complexes [PtL2X2 (L =
metronidazole, (157} or Z-methyl-5-nitrobenzimidazole, (158); X = Clor I)

were deduced to have cis-geometry on the basis of IR data [351].

A
2 N/@E;y

OH
(157 (158)

New pyrazolato derivatives of platinnm (II) have been prepared (reaction
(38)). Treatment of (159), Z = (CH2)2 with H[BF4J gives the known species
[(dppe)Pt(n-pz-N,N’)th(dPPe)] [BF4]2. The complex of dimethylpyrazale Ffor
which Z = (CH,), reacts with cadmium iodide to yield (160) [352]. Both methyl
trifluoromethyt  pyrazole, (161), and 2H-indazole, (162), react with
[Pt2 Cu- C1)2(PEt3) 4J [BF 4] 2 to yiald each a single isomer of
ets-[Pt [PEta}ZLCIJ [BF 4J , in both solation and the solid state. X-ray
diffraction studies confirm that (161) binds through N(2) and (162) through
N(1), both in accord with theoretical predictions [353].

Treatment of [Pd{(PhCN) 2C12] with 3-disthylamino-2,2-dimsthyi-2-H-azirine
(L, (163)) vyields a complex of sioichsiometry arans~[PdL2C12]. With
Pd(OCOCH3)2 and the n,N-dimethyl analogue, Q, [PdQ (OCOCH3)23 is formed.

-

PhyP

2\ M LA th\\/f
thz\P PN — Z /Pt\\ (38)

O

(159)
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(160) (161) (162)

In gneither case was the structure of the complex firmly established [354].
Reaction of (164) witk PdCL, gives a trans-polymer, (165). Treatment with

methanol opens the three-membered rings to yield {166) but it is not easy to

iiberate the ligand from palladium [355). ’l\
Ct—Td-“Cl
N\ PdCly V_@_A
O
" l
N Cl— PRl
NEt; \Ln
163 (164> (165)
s OMe OMe
+ Pl —H,N NH, —);1
(IZE OMe Me
{166}

A range of complexas, [PLLZClz] and [PtL’ClzJ , Where L and L are mono
and bidentate aitrogen donors respectively, were studied by XPES. The
platinum 4f.;, 2 binding energies showed 1,8-disminonaphthalene to bs the best
donor. Interaction between cts-[PtT..zC12] (L = theophylline, (167)) and calf
thymus DNA resulted in 2 Joss of base stacking due to the N(7)-0O(6) binding of
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guanine [356]. In both platinum and palladium complexes of thiobarbituric
acid, (168), sulphur is not metal coordinated, but some interaction with

axygen may occur as well as the wsna] binding at nitrogen [357].

4] 9]
H
Me H
P A
o N O N™ ™5
Me H
(167) (168}

1.5.4.3 Bidentate and polydentate amine doner ligands

Polarised singls crystal specular reflection spectroscopy studies of
[M (en) Cl2] (M = Pd or Pt} are reported. There is a strong out-of-plane
absorption which is shifted to a lower snergy on going from solution to the
solid state. Strong in-plane bands are associated with ligand to metal CT
transitions [358]. The structure of the anti-tumour agent, [Pt(en) {(malonate)]
haz heen established by X-ray diffraction. The malonate ligand adopts a boat
conformation [359].

Thermolysis of various [M(en),] (PtCl,] salts has been studied; the
pathway foliowed depends on the metal, M (Scheme 6) [360].

A
[M (en) 51 [PtCl,] > {Pt(en) ] (M (en}Cl,]
M = Ni, Zn or Pd A
[Pl(eﬁ,)z] Cl2 + MCI2 + en
A
{Cuen) 3J [PtCl4] [Cu(en),1[PtCl,]1 + en
la
[Pt (en) 2] [CuCl4]
A
[Aa(en)z] [PtCl4] —_— > [Pt(en)2] C12.2A3C1

Scheme 6 Reactions of [M (en),] [PtC] 4] [360]
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The conformations of the chelate six-membered rings in [Pt(hipy)L]2+ and
[Pt (NH,) 21.3 2+ (. = mese or di-2,4-diaminopentane, 1,3-diaminobutane,
2-methyl-2, 4-diaminopentane or 1,3-diaminopropane) have besen studied by NMR
spectroscopy. For meso-2,4-diaminopentane a chair conformation with both
methyl groups equatorial predominatss, whereas for ths di-isomer one methyl is
axial and the other eguatorial in the major chair conformer. In the latter
case the skew boat conformation is also sigificantly populated [361]. In
analogous complexes of 1R,28-(169) CD measuremenis imply that the
five-membered chelate is mainly in the a-conformation [362]. Complexes

[PtL(CO3)] of 1,10-phen and 1,2-diaminocyclohexane have been characterised

[363].
NH2
NH»

(165}

In (170), the alkene ligand is strongly activated towards nucleophilic
attack and further reports of ity reactivity have been published (Schame 7)
[364].

Several of the complexes (171}, prepared from the diamine, K.z[PtC14] and
an apptopriate anion, showsed powerful anti-lenkasmic activity in mice [365].

Platinum (1)  sttatched to aminated silica was studied by 10

C NMR
speciroscopy both in suspension and in the solid state. Peaks assignable to
the bis chelate {172) were detacted {366].

HZO NH N\-lSi

NHz\ / " { CI}
@NH A Ny HQN/J\NH i
: N

a7 (172)
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ME'2 Me2
N H N N N3
\‘;t’/ —2 s ( \Pt/\/
N/ \Ci .\N/ \C{
ME‘2 M92
{170} CN™
N
- N/ \Cl
2NCO Mna2
2 NO,
Me, o 1
Rt N\m
Pt
Nez NO N/ ~
\Pt SN Me,  NCO
N/ \NOZ
ME’Z

Scheme 7 Reactions of {170) with nucleophiles [364]

When the oxime, (173), a potentially tridentate ligand, reacts with
[PdC14]2' the product formed is (174), in which the oxime has been

hydrotysed. The structure of (174) was established by X-ray diffraction [367].

_-OH O Cl

N 2-
| [RICL,) Ho
Ko el T
N H
/

a7 (174)
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Two X-ray diffraction studies refer to complexes of dien. [Pt{dien)CI1C1
iz isostructural with the dibromide and [Pt{dien) (N03)] [N03] is similar.
Crystal packing in both cases is dstermined by hydrogen bonding [363].In
[PL(dien) (CN) 1, [PL(CND 4] .HyO, both platinum atoms have approximately square
planar coordination [369). The rather well studied anation reaction (39) was
interpreted in terms of an associative mechanism {370]. A study of the
reactions of complexes of alkylated dien showed that kinetic behaviour was
dependent on the size of the substituents, again indicating an associative

pathway [371].

(Pt(dien) (H20)12+ + € ——— [Pt(dien)CN* + H.O (39)

2

It had previously been teported that the reaction of [Pt{dien)X]X with
KNH2 and CHSI resulted in methylation on the central nitrogen atom, trans to
coordinated X. A new study, involving the synthesis of
HZNCH2CH2N (CH3) CH2CH2NH2, demonstrates that the original conclusion was
wrong and that methylation of dien occurs at the terminal nitrogen, as would
be expected from theoretical considerations (372] .

Complexes of the type [Pd(uenMes)X]Y [tranMaﬁ - (MazNCHZCHz) 3N ;
X =Y =Cl Br, T or 3CN; X = Cl, Br, T or SCN, Y = PF or BPh4} have
beeu prepared and characterised. In both protic and aprotic solvents, there is
a rapid intramolecular rearrangement beiween four and five coordinatad metal
centres (reaction (40)). At low temperature the rate of intsrconversion is
slowed and the equilibriam is shifted to the right. [Pd(trenMeé) (NCS)]+ is
isolated in the solid state but in solution is in equilibrivm with its linkage
isomer [373]. Procedures for the synthesizs of tranMeG complexes, as well as
those of the tetradentate ligand MezN (CHQ) 2IksIk.Iv:a((.‘.Hz_) 2NMes (CHZ) 2N'M52,
have been described in detail [374].

Reaction of CH2NCH2CH2)2N (CH2) GN(CH2CH2NH2) g+ L, with
three molar squivalents of Kz[PtC14] yields [PtzLClz] [PtC14] , which
on teaction with fPt(NH3) 4] [PtCl4] gives [PtzLCIQ] Cl,, (178) [375].
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™ AN

—NMe, === Me;N——Ri——NMe, (40)
ol
L2+

HoN TIH? '

CI—F’|1 P l}l—m(CHz)s—r‘% ——-?Fl’t—“'*’CL
l |
HoNe SN2
7%

Complexes [PtLX2] (L = 1,2-bis{3,5-dioxopiperazin-1-yl)ethane or
1,2-bis(3, 5-dioxopiperazin-1-yl) propane; X = Cl or Br} have been tested for
their anti-twnour activity [376].

Polyhedra! borane ions have been used to stabilise palladium and
platinum complexes {ML2] [Ban] {L = bipy or phen; n= 10 or 12; X = H, Cl or
Br) against thermal decomposition [377].

Further complexes of the potentially tetradentate ligands (176a) -
(176c) have been investigated. [Pd(bpenMae)Cl] is synthesised from K2 [PACI 4]
and (176b). NMR spectroscopic studies and X-ray diffraction established that
both the pymidine ntirogens and the deprotonated NH are metal coordinated, but
the tertiary nitrogen is not [378]. In the analogous complex of bpenM32 only
the pyridine nitrogen atoms are bound, in a trons arrangement with an elsven

membered chelate ting [379].

N a R! = R? = H; bpenH,
. 7 Rl b R! « H R? » Me: bpenMeH
N/ ¢ R! = R? = Me; bpenMe,
%

(176)
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[Ptz(y-Cl) 2{(2-:mmincn-4,G-dimetihyll1:»}.*ridim=.}2] has been prepared and is
an excellent catalyst for homogeneous hydrogenation and hydrosilylation of
carbon-carbon double bonds [330].

The detection of trace levels of palladium (II) relies on the extraction
of the purple red tridentate Pd(II) complex of biethanoyl moncoxime 2-pyridyl
hydrazone complex from aqueous acid into CI-.[C]3 [381]. In [Pt(HL)Clz] {HL
= PhC(NHR) -NNH2} the ligand is coordinated through the NH, and NHR
groups. Cts- and t.rana-[Pth] may be prepared by the reaction of [NH4]2[PtC1 4]
with HL; the mode of coordination of L iz the satne as for HL but ths Nl-l:2 group
is deprotonated [382]. Complexes of the ligands Q77), (178) and (179),
[MLCI2] (M = Pd or Pt} have been prepared and characterised. The ligating

atoms were assumed but not proven to be as shown [383].

Ilrn’
/ A /[jg NHNH,

EHNHZ N

a7 (178) 179

The bis(benzimidazole) ligand, (180), has beesn usad to bridge two metal
centres in a wide range of complexss. For example, [{(dppm)Au}ziu- (130)31]
reacts with [Bn4N'}2[Pd(p.-X)2AI4] to give [{(dppm}Au}zﬁl- (lSO)}PdAIZ] and (181)

and (182) were also characterised [384].

-12- 2-

OO0 - |70

]

(180)
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Phy /
p—Au—~>N N
S ee
p——Au—~N N/
Phs
(13D
Ph
Phs 2
= Gpp— N N N N—Au—~P
< o T KK s
_ / \\\N N// \\\N N—Ay—~p
P—Au-—N N Ph
th 2
(132)

The extremely ornate ligands, {183), where L = pyrazolyl, have
been prepared and their complexation with palladium and platinum
investigated. In  complexes such as [NgPs{z‘\&az*"}S{MCEZ} 2} Of = Pd or Pt)
and gsm-mng(Mezpz)2Ph4(PdCiz)] , bidentate coordination occurs through two
pyrazolyl groaps attatched to the same phosphorus atom [385].

Ly
O

(183}
The bimetallic compound, (184}, was obtained from

tmns-[PlCLz(pz) (CZH 4)]- , gensrated in situ by deprotonation of the pyrazolyl
adduct of Zeise’s salt [386].

7
N—N
Ct—pt_ Pd)
oy

(184) {1385
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(185) is said to coordinate to palladium through the imino and pyridyl
nitroger atoms; the authors seem to be in some doubt as to the geometry of the
resulting five-coordinate [PdI_C12] complex [387].

1,4,7-triazacyclononane, L, reacts with [PtCl4]2- to pgive, after
treatment with bromide ions, [PtL2] Bt2 in which L was shown to be bidentate by
an X-ray diffraction study. The acid-base behaviour of this and analogous
complexes was investigated, and they may be readily oxidised to Pt{IV)} spscies
f388].

Tetradentate tetraaza macrocycles, both synthetic and naturally
accurring, have roceived much  additional attention this year. XPES
givez data on bonding energiss of deep electrons in  [LPd] 2+ complexes
of this type. These may be related to the degree of donor acceptor
electron transfer from nitrogen to palladium [389,390] .
Tetrabenzo-1,5,9, 13-tstraazacyclohaxadsca-1,5,9,13-tetraene, (186), has been
converted to [(1868)Pd] [(ClO 4]2 and the stability constant of its adducts with
pvridine, 3-methylpyridine, dmf and ethanol determined [391]. The complex
reacts with nucleaphiles to give (183} (R = NH2, OH or NEtz) [392]. Complexes
of (187) seem to bs somewhat flatter than those of (186) [393].

R

- e QC Q@)

(185) R = H (183)
(187) R = Ms



88

Complexes of (189) (R = H or Me) and (190}, [PdL] [CIO4]2, were
prepared from the ligand and Naz[PdCld}/Na [C104] {394]. Both palladium (II)

and platinem {IV) complexes of (190) are reported by Chinese workers [395].
R
WR
H| HN (NH NH:l
( “~NH

NH N NH

U

R

189} (190)

Studies of palladiom and platinome porphyrin  complexes have mainly
involved their photochemistry and  photophysics. The low  temperalure
fluorescence of palladivm porphine derivatives was studied during selective
laser excitation [396]. Picosecond laser spectroscopy was used in a study of
palladiom (II} octaethylporphyrin, time-resolved excited spectra being recorded
from the time of photoexcitation for 5 ns. The initial excited state, Sl’

decays in <15 ps, but a second excited state, T, survives for >50 ns [397].

1’
When a meizlioporphine 1is excited to its lowest 3Eu state in a crystalline
environment of low symmetry, the orbital degeneracy is removed, as evidenced
by vphosphorescence Zeeman and EPR experiments on a platinam porphyrin complex
in the A-site of decane [398)]. Iterative extended Huckel calculations have led
to a better nnderstanding of spectroscopic data for palladium{II) octaethyl-
and telraphenyl-porphyrins and Pd(Il}) and Pt(l1I) etioporphyrins [399].

The photophysics of water soluble diamagnetic metalloporphyrins
containing Zn (11}, PA(I1}) or Sa(IV) were studied in dilute aqueous solution.

All undergo efficient intersystem crossing to give long lived triplet excited

states that can participate in electron-transfer reactions. Thus, with an
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appropriate acceptor metal, porphyrin radical cations are formed in high
vield. Although powerful oxidants they may not be used for photooxidation of
walter, since they undergo secondary reactions to n-dications and isoporphyrins
[400] .

Redox r1eactions of tetra{4-hydroxy-3,5-di-tert-butyiphenyl) porphyrin
metal complexes in the presence of K, [Fe(CN) 6] have been investigated.
Quinoid, mono and biradical complexes are successively formed, but at least in
the case of the palladiom complex, there iz little conjugation between the
radical and the porphyrin [401]. Unlike zinc, cadmivm and magnesium analogues,
palladinm tetraphenylporphyrins do not give adducts with [02]‘ from K[02]
[402). Palladiom tietraphenylporphyrin trisulphonate has been demonstrated to
be an effective photosensitiser for the photoreduction of viologen dyes [403].

The prepatation of palladium haematoporphyrins has been achieved im good
yvield from N-methylhaematoporphyrin in dmso. The rteaction proceeds via
formation of the metal ¥N-mothyl complexes, followed by rate-dstermining
demethylation [404] .

The palladiom(II) complex, (191}, of tetra-2,3-pyridine porphyrazine has
been  prepared and its acid diszociation constants measured
gpectrophotometrically [405]. The kinetics of oxidative decomposition of this
complex and itz analoguas with other metals, were measured in the presencs of
H202. Not only is the palladium complex the most stable of the series (rates
fall in the order [Cul] > HyL > [CoL] >> [NiL] > [PdL]) but complexes of this
ligand are up to a hundred-fold more gtable than those of the phthalocyanines
{406) .

The formation of stable associations between molecules of metal
pheophytin complexes was studied in aguesous binary solutions of dioxan, thf,
morpholine and sthanol. The ability of the metal atoms to participate in long
range interactions is in the order Zn > Mg > Cd > Cu > Pd [407].

The basicity of copper, .nickel and palladium complexes of

tetra (tert-butyl) tetraazaparphine, tetra(6-tert-butyl) -2, 3-naphthalocyanina
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and  tetra(4-ters-butyl) phthalocyanine has Tbeen stndiad by electromic
spectroscopy. Basicity is determined by the extent of the delocalisation of

the r-gystem and the acceptor capacity of the metal [408].

Y%

N%N N
| I
N— Pd —
N T
N
N N

(1%1)

The epitaxial growth of molecular crystals of platinum phthalocyanines
is noted [409].

1.5.4.4 Imins donor ligands

The reaction of bis(t=onitrosomethylacetoacetato)palladium (11}, (192),
with amines has beer investigated (reaction (41)) and the product complexes
characterised [410].

Thermal decomposition of the oddly formulated species [Pd (LHZJ 212] .1.5HI
(I.H2 = N, N’ -dimethyldithiooximide) vields [Pd(l..Hz)Iz], IH
[Pd(LHz)Clz] gives [(PdL), ] [411].

The complexes [PdL4] Cl2 and [PdL4] [NOS] 2.3H20, where L is the

2 and HI, whereas

Schiff base derived from terephthaldehyde and ocycloserine, have been
characterised [412].
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1.5.4.5 Nitro complerss
1

n—2>=
o Z
o

9sPt NMR spectroscopic studies of [1 5N02]- labelled complexes are
reported. The 195
IS-N - 15 2- .

[Pr( 02)3(01-12)] and [Pt( NOz) 3(OH)] give doublets of triplets. The
effect of  the trans-ligand on IJPI;-N is in the arder

- - 2-
[N02] < [OH] < H,0 < [C20‘] [413].

Thermolysis  of [LH]z[Pt(Noz) 4] according to reaction (42) (LH =

Pt signal in Nay[Pt('°NO),] is o quintet, whereas

benzimidazole, 1,2-dimethyibenzimidazole or §5,6-dimesthylbenzimidazale) occurs

at a lower temperature tharn for the corresponding {PtBt4] 2 or [PtC1 4]2-
salis. cf.a-[LH]z[Pt(NOz) 2}(2] (X = CI or Br) gives cis- [Pthle, since the more
basic ligand is lost more easily [414].

cta- l',i"‘tl.2 (Noz) 2] (VY

Trans-Na [Pd(NOz) (N'I—I3) C12] acts as a stoicheiometric oxidant for ethene,

[LH], [Pt(NO,) ]

yvielding eothanal. (N02] " is converted to [NC)]+ and the rsaction procesds more
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rapidly if HCl is presant to protonate the nitro group [415].

1.5,4.6 Nitrite ligands

ctas- and trans-[Pt(PhCN) 2(2112] were prepared from I:'tCI2 and were
characterised by IR and Raman spectrascopy and X-ray diffraction (416].

cia- [Ra (bipy) (CN)z] reacts with K{Pt(C2H4JC13] to give 1:1 and 1:2
adducts such as {193). In the adducts, there are blee shifts in both the
absorption and emission spectra, with an enhancement of emission intensity and

an increase in lifetime [417].

Cl
N ,\m /\\
N ‘ CN™ \
v cl

(193)

i.5.4.7 Digzine, triazine and tetrazadiens Ligands

The reaction of K2[PtC14] with (194), HL, gives two isorners of {PtLZJ,
depending on the conditions. The compound formed under basic conditions is
simply erans-{PtL,], (195}, Under acidic conditions cts-[PtL,] is formed; the
structare was shown to be dimeric by X-ray diffraction. Both isomers rsadily
add Cl2 to give a Pt{IV) complex [4]18]. The analogous reaction with Kz[PdCl4]
gives a chloro-bridged dimer, (196). Amines cause bridge splitting to give
(197) and an analogous species is formed with one mole of PPha. With an excess
of phosphine this is in equilibrinm with (198), the nature of R affecting the
stability of the complex [419],
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45 PPhy
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1993, HLOH, forms complexes [Pd (LOH)2] with Na.z[PdCI4}. When
the benzene solations of the complexes sre oxidised with K.B[Fe(CN) 6], an EPR
signal is observed, and the starling material is rtegenerated by dithionite,

M (LOH)Z] reacts with [M(LO‘)Z] to give [M{LOH) (LO)]), isolable as dark
green crystals [420].
The term “coligand isomers” has been proposed to describs ths pair of

compounds in which one is formed by the reaction of the ligands in the central

93
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atom coordination sphere of the other. [(Ph3P}2Pt(T~73) (4-CN-C6H4J] is thus

converted to the coligand isomer, the tetraazolate complex [421].

Ph
/

=H
HO rﬁ
AN
Ph

(199)

1.5.4.8 Bidentats nitrogen phosphorus donor ligands

Complexes of the chiral ligand S-(200), {PtLClz] and [PdLClz] , have been

P —
>>——NM9 PPh,

{200}

prepared [422].

Ph,PCH,SiMe,N (Li)SiMe, CH,,PPh, reacts with [Pd{PhCN) 2C12J
oI K[Pt(C2H4) (113] to give [MCI{N (SiMaZCHzPth)Z}] in which the
ligand is tridentate. The structure of the palladium complex was astablished
by X-tay diffraction; the phosphine groups are trans and there is no puckering
of the ligand backbone [423].

1.5.4.9 Bidentate nitrogen arsanic donor Ligands
The ligands (201), AsNz, and (202}, AsNg, form bidentate complexes
[PdLX2]. X-ray diffraction shows pseudo square-planar coordination with no

interaction with the other nitrogen atom(s) [424].
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AN

(201) 202)

i.5.4.10 Eidentates nitrogen carbon donor ligands

Reaction of 1"(!(312 with (203}, HL, gives trana-[Pd(HL)zClz] in which HL

is coordinated through the pyridine nitogen atom. Using a 1:1 molar ratio

cyclopalladation to {204) occurs [425].

QX R=H, Me or Ci
\©\ X = NH, CH,, O or §
R

(203)

K

(2043

The cyclopailadated dimer, (205}, inserts styrene to give (206) ([426].
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Similar insertions of CF?’C:-CCF3 are also reported [427].

Py o
’\N/ : Ph
Me,

(205} (206)

Treatment of [Pd(PhCH NH2}212] with two molar equivalants af Ag{BF4]

2
followed by XX vields (207), which is readily converted to (208) in the
presence of CO. The structure of (208) (X = I) was established by X-ray

diffraction. Metallation is proposed to involve electrophilic atiack of the

metal on the aryl ring [428].

F)hCHzMHZ\p co Meo AN
_ Pt
4 t\{? o N
H2

Ha

@on (208)

Reaction of n-(2-thienyl)pyrazole (H-2-tpz) or the 3-thienyl isomer
(H-3-tpz) with PdC12 in a 2:1 molar ratio gives trans- {PdI_2C12]. However, in a
1:1 molar ratio, two isomers of [{Pd(3-tpz)CH} 2] are Formed, the major and

minor species being identified as (209} and (210) by NMR spectroscopy [429].

N /MQ ;EQD“\/Q

(209) (210)
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Tripyrazolylmethane, tpzm, reacts with [Meth(cod)] in refluxing benzene
to vield a species of stoicheiometry [Meth(tpzm)] . In the presence of donor
ligands methane is lost with metallation of the ring to give complexes such as
(211), (212) and (213). The structures of (211) and (212) were established by
X-ray diffiaction; there is a0 weak axial interaction with the other nitrogen
atom (s} [430].

a8, P

(211) 212) Q13)

2

Phenylazophenyl (1,1,1,5,5,5-hexafluoropentane-2, 4-dionato) palladium {II)
hexafluoroacetoacetate may be prawn in szolubion in either a red or a yellow
polymorphic form. Hweating the yellow form gives the red polymorph with a
sudden dizcontinucus crystal expangion. The packing patterns from X-ray
diffraction show that the interconversion is a slip mechanism similar to a
martensitic transformation., The c¢olour change and expansion are not
synchronous, the colour changs baing due to rotation of the exocyclic phenyl
group into the plana of the phenylazo group [431,432].

Reaction of benzalazines, ArCH=N-N=CHAr with 13'cICI2 gives a
cyclometaltated polymer, {(214), some reactions of which are shown in Scheme 8
[433).

Two papers detail cyclometallations of methyl groups. Treatment of (215)
with {Pd(RCN)ZClz] yields (216), in a reaction which is accelerated by base.
With the analogous compound in which the nitrogen atom bears one methyl and
one phenyl gronp, cyclometallation is disfavoured and [PdL’ 2012] may be

isolated. Treatment with base then gives (217) in a slow reaction. It is
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noteworthy that the usual mode of hydrazone coordination is through N-1 rather
than N-2, WN-2 binding being induced in (216) only by steric hindrance [434].
Treatment of (218} with Pd(OCOCH3)2 vields (219) and its sterecisomer. LiCl
yields 2 chloro bridged dimer of the familiar type, with donor ligands then

able to cause bridge splitting [435].

R

SCN
PH<:CK\ KSCN TN
S E
N

__zf:\ :
&
/

N
/ N
\o> h ) N >P{\§j
NCS
R
(214) hs

R
TiCp PPh
Fﬂ// ’
7 N
R
| *
][PPh3
PdCp .
\\N//
*]"2 T’F’h3
F—C;
Y LPh3
,1,2

Scheme 8 Reactions of the cyclomstallated polymer, (214) [433].
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(215) (216) 17

é/(}iz Hz

(218) 19

Further  studiss of the adduct (221) formed from (220) and
[Hg (4-methylphenyINYNRIC1] (Y = CH or N; R =~ Ms, Bt or CH{CH3)2) ara
teported. The sttucinre proposed involves a platinum-1o-mercury domor bond and
further electron transfer is inhibited by the tridentate ligand [436].

cl R
l
Br—Hg

Pt\ f/ N/
/o
N |
Me2 R

(220} (221)
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1.5.4.11 Unidentate phosphine donor ligands

Diffraction studies of trans- [Pd(PPh3)2CIZJ f4373, cts-[Pt(PPh3)2C12]
(438] and cLs—[Pt{P(CHzPh)zPh,}z(:lz] (439] are reported. In the last of these
there is a significant degree of overcrowding with the angle P-Pt-P equal to
103 .

A number of heteroaryl substituted phosphines have been converted to
their palladium or platinum complexes, for example in reactions (43) {440] and
(44) [441]. The structure of (222) was determined by X-ray diffraction, and in
all cases the phosphines act as monodentate ligands with only the phospharus

atom metal coordinated.

(@2—1: +  NaylPdCl,] —— @@—immz (43)

(222)

N d
(Q}\%_p + cis-[Me,Pticod)) — C‘S[Mezpt@ ./}%)2] “

The complexes, s¢rans- [PdL2C12], where L is PhP{(CHz) 3OR} 2
P[(CH2)3OR}3 (R = Me or CH2CH20M3) or P{CHMeCH2CH20R’}3 (R’ =
Me, CH2CH20Me or CH2CH20CH2CH20M3) have been synthesized and have
potential as phase transfer catalysts. For example, reduction of bromobenzene
to benzene by sodium hydride occurs in up to 93% yield in the presence of such
species [442] . Two series of phosphines, RgP (R = C10H22 - C19H39 or
R = 4—R‘C6H4, R" = C2HS - Cngg) were synthesizsed with a view to
the preparation of extremely scluble transition metal complexes. The
preparation, stereochemistry and reactivity of such complexes inclading
cis- [PtL2C12] , trana- {PdL2C12] , trans- [PtL2HC.|3 and [P1.L4] have been
reviewed [443). The complex prepared by treatment of (223) immabilised on
silica with Naz[PdCl4] is useful as a catalyst for alkens hydrogenation, and

may be recovered and reused with little loss of activity [444].
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EEtO]3Si/\/©PPh2 PhyC=P

(223) (224)

The unusuval ligand (224} reacts with [Pt2 (PEt3) 2C14] to give a mixture
of cis- and trans-[Pt{(224)} (PEt3)Clz} . NMR spectroscopic studies allowed
sterecchemical assignment, and the structure of the cis-isomer was dstermined
by X-1ay diffraction. cis- [H{(224)}2C12] is produced on reaction of the
tigand with [Pt{cod) Clz]. In ali cases (224) is coordinated to platinum
thtough the s'.p2 phosphorus atom [445) . Further reactions of PA{II) and Pt{ID)
halides with {(CH3)3C} 31-3 (E = P or As) inclading cyclometallation,
carbonylation and cluster formation are reported [44€]).

Soviet workess have been particularly interested in the electrochemistry
of palladium{II}) phosphine complexes. Both oxidstion and reduction of [Pd12X2]
(L= 1"1"}13 or P(OPh}g; X =Cl or [SCN1) occur irreversibly on a platinum

microelectrode in dmf. Substitution of PPh, by P(Ol’h)3 leads to difficulty in

3
the electroreduction of the P3(IV} complex formed, but facilitates the
reduction of PA(II} to Pd{0) [447,448]. In oxygenated solutions of [PdL2X2] (L
= PPh,, P(OPR); or P(OCH{CH,},)4; X = Cl or [SCNJ) palladium(II} is reduced
{o palladiem(0), which rescts with 02 ie a solution Jlayer next to the
slectrode [449,450]. Cyclic voltammograms of solutions of [HPt (PEt3) 3]+ in
phosphate buffer at maercary electrodes show large reduction waves on all
forward and reverse scans except for the first negative scan, which is
interpreted in terms of catalytic hydrogen production [451],

Photolysis of (PdL2(02)3 (L = PPh3 or PthMe) in the presence of
an excess of ligand and an alky! halide, RX, gives phosphine oxide and
trcms-[Pszxz], By contrast, using an aryl halide and L = PPhs, [Ph4P]X

is isolated. The photochemical interconversion of the -£s- and trans-isomers



192

of the complex is discussed in relation to their luminescence spectra [452].

Platinum(0) complexes, {PtL ] {L = PBt,, n=3 or L = P{CH(CH3)2}3, n=

3>
2 or 3} are very powerful nucleophiles and rteact with water io yieid
EPthH(OH)] which, from conductance messurements, exists as an ion pair and is
a strong base., The systam [Pth]/Hzo serves as a calalyst for the hydration of
acrylonitrile and for H/D exchange o to carbonyl, sulphonyl or nitro groups
[453].

The complexes [HML(PCya) 2] and trane- {HPt(C)zCR) (PCy3)2] (M = Ni
ot Pd; HL = succinimide; R = (3{'.CI-I3)=-CI-I2 or CH2CH-CH2) were prepared
by oxidative addition of HL or RCOCH to the [(Cygp) 2M {0)] complex [454].

A series of reactions of platinam complexes of P('.Iy3 was established and is

shown in Scheme 9 [455] .

cold
trans- [Hth (PCyg) 2] + CO P -+ [Pt{CO) 5 (PCy3) 2]
PB 25 Nk
B, o \\,;
[Pt (PCy3) 212]
[Pt,(CO) ,(PCy,) ]
P (co) 9 (PCyg} (PBn3) 1

Scheme 9 Reactions of platinum complexes of tricyclohexyl phosphine [455]

ct9- [HPt(PPh3) 2((Z‘!—sz_‘,l?":;)} is prepared by successive treatment of
cts-[Pt(PPh3)z(CH2CF3) ) with Ag' and Na[BH 41- CH,CF, is produced slowly
just above room t{emmperature, the kinetic data being consistent with a
concerted unimolecular redoctive elimination [456].

The replacement of C1” in [Pt(PR,)(en)CI]” (R = Me, Et, Bu or OMe)
by nucleophiles has been investigated. The second order rate constant is
relaied to the nucleophilicity of the attacking species, and the rates are
also sensitive to steric hindrance from the cis-ligand ([457]. Intermolecular
exchange of ligands in trans-{M(C6C15) (PMe,Ph) X1 (M = Ni, Pt or Pd;

X = Cl, Br or 1) has beem studied. When chloride and iodide are sxchanged
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between nickel and paliadium the equilibrium is strongly in favour of Ni-Cl
and Pd-I bond formation, as would be expected on thermodynamic groends [458].

cis- [Pt (PPha) 2C12] /SnCl, is an extremely active catalyst for alkene
hydroformylation. It reacts with CO and propene in sthanol to yield
trans- [Pt(COPr) (PPhg) 2Cl] , whilst from the reaction mixture
{PL{COPD (PPh3)2(SnCI3}] it isolated. The structures of both complexes were
established by X-say diffraction [459]. cts- [Pt (PPhg) 2('.212] .
cts- [PL(CO) (PPha)Clzl and trona- [HPt(PPh?')ZX] (X = Cl, Br or I} were
prepared and studisd by IR and NMR spectroscopy and DTA. The structures were
telated to the catalytic activity of the complexes in oxidative chlorination
of pentane [460].

closo-Borate  anions have been further exploited in stabilisation
‘of unusual coordination compounds. closa- [Pd2 (PPhg) 4C12] (B.X,] and
{Pd(PPhy) ,Cil,[B, X1 (n= 10 or 12; X = Cior Br) are catalysts for the
oxidation of Ph,P to Ph,PO and ethanol to ethanal [461].

Several new bimetallic phosphine complexes are reported. X-ray
diffraction shows that in (225) coordination about gold is distortad linear
and that about platinum roughly square planer with no metal w-interactions
{462]. Orxidative addition of [R2Hg] to [Pt(PPh3) 3] gives [(Ph3P) th(R) (HgR)1,
(26) (R = chlorinated ©phenyl}. (226) reacts with tfaH to give
[(Pth)th(R) (OCOCFs)] and may be thermolysed to yisld [(Pth) 2PtR2]
and mercury metal [463]. Reaction of [HPt(PPha) 2Cl.] with Na[Mo(CO)a(cp)]

gives (227), the structure of which was established by X-ray diffraction

[464] .
cl Cl
Cp
PhaP—Au l | e
PhoP——Pt —Mo
PhaP~_ ‘ !\CO
Pt\ Cl PhgP co
/ PPhy
Cl

(225) (227}
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Reduction of [(Ph,P)Pd{OCOCH,),] with molecular hydrogen proceeds via
reactions (45)-(49) [465].

E(Pth)Pd{OCOCH3)2J + Hy—— [Ph3P-Pd-Pd-PPh3} + 2CH3COOH 5

(228)
{Ph,P-Pd-Pd-PPh,] + H, — [(Ph,P),Pd,H,) (46)
%
o’ o
/ \ .
[Ph,P-Pd-Pd-PPh,] + 2(228) ——> 2 Ph,P-Pd Pd-PPh, + 2H @7
4 /
oxc/o
!
CH,
(229)

f(Pth)zpdsz] + (228) ~—— (229) + [Pth-Pd—Pd-PPh3} + 2CH3COOH (48>

(229) + [(Phgp}gszHzl — 2{Ph3P-Pd-Pd-PPh3] + ZCH3COOH €493

1.,5.4,12 Other unidentats phosphorus donor ligands

KZ[PtC14] reacts with EtOP(NEtz)z, L, to give {PtL4} [PtC14} which, on
treatment with HC!  vields [PtL2C12]; cocrdination is through phosphorus. An
unidentified crystalline material is obtained with EtzNP(OEt)z; this is
hydtolysed by aqueous HCI to give [PL{P{OH) 2NEt2}2{P(OH)O(NEt2} 2}] (465] .
When the allyl palladinm chloride dimer reacts with (RO) 2P (H)=0, IH,
(Pd, (LH) L, (u-Cl},] is obtained (R = Me, Et, Ph, CH{CHy), or
CHch (CH3)2}. The structure of (230) was determined by X-ray diffraction

{4671 . (OBt (OE 1))
‘D=P Cl =0
H: >F'd< d/ “.H
o=—p i \\pz o
(CED), (OEY,

(230)



1.5.4.13 Bidentate phosphorus donor Ligands

[ (dppe) PtC12] has been prepared  and  its structure
determined to be distorted square planar by X-ray
diffraction ([468]. The preparation of  nickel, palladium and
platinum dichloro  complexes of R-1,2-bis(diphenylphospino)propane,
28,38-2,3-bis(diphenylphosphino) butane and
R-1,2-bis(diphenylphosphino) -1-phenylethane has been reported. Their

lH and 311’ amr spectra were recorded and compared [469].

CD, IR and
Bidentate chelate complexes of Csz(CHz) 4PHPh  and thP(CHz) 3PI-l'Ph,
(PPH), [MLClz] (M= Pd or Pt} have been prepared. Treatment aof
[M(PPH}Cl,] with base and [M(PPH) ,1Cl, yields [{MC1(x-PP)},], which is
phosphido bridged, the acidity of the P-H group being enhanced by
coordination [470].

Several papers hava reported strategies for the
rasolution and the determination of the optical purity of
chiral phosphines. In complexes such as (231), where PXP is
dppe, S5,5-CHIRAPHOS, S-w,N-bis(diphenylphosphino) -1-phenylethylamine
or (+)-DIOP and P* it a chiral monodentate phosphine, differing
degress of stereoselective binding are noted and partial resolution of
the monophosphines is achieved [471]. Analogouns behaviour iz noted for

31p

monodentate chiral amines, and diastersomer ratios, measured by
NMR spectroscopy, are highest for complexes of 8,5-CHIRAPHOS. The
stracture of [MePt{DIOP)Cl1] was destermined by X-ray diffraction; the
seven membered chelste adopts a twist chair conformation [472]. ¥X-tay
diffraction and NMR spasctroscopic studies of (232), where X is a
4-snbstituted pyridine or R3P, have established the steric and
electronic effscts of the ligand on structure. The cationic pyridine
complexes show a correlation between Ppara and 31P chemical shifts and

coupling constants [473].

103
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P p™ [P p* ]
| /
x/ >Pt< (€10, ‘x\ >F’t< (CIO,}
\‘P Me L P Me |
(231) (232}

Reaction of the cyclopalladated species {233} with chelating
biphosphines yields (234} . Diastereomers are obtained with chiral phosphines
and 3HP NME c¢an detect 3 % of a minor diastereomer, providing an extremely

sensitive test of optical purity [474].

(233} (234)

Reaction of K2 [PtCl4] with dppm in the presence of KOH  yields
[Pt(thPCHPth)Z] ., the first homoleptic complex in which the ligand is
chelating. X-ray diffraction demonstrated that coordination about platinum was
square planar. Reaction with gt gives the known [Pt(dppm}2] 2+ [475].
Deprotonation of dppm is also achieved on treatment of [Pi(dppm) 12] with

LiN (SiMe and the anion may be readily alkylated [476].

P2
A mechanism has bsen proposed which accounts for all the known examples

of "A-frame" inversion for complaxes [l:’tz(u-dpplzrm)z(,1.-,-'&"',1'){2]"‘+ (n=0ar1). For

Y = H, the reaction is believed to proceed via a linear M-H-M arrangement. [t

was noted that all the known inversions occur in complexes with a bridging
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hydride or in species which may be readily rearrangsd to 1 complex with a
bridging hydride. Thus, although [Ptsz(u-SMe) (u-dppm) 2] shows an "A-frame"
inversion, sulphur inversion occurs at the same rtats, implying the mechanism

of Scheme 10 [477].

P o o P p .
> e
Jt’e'\l’t L H—-F[t+——~ t/ «.—f?i H\Plt vlt/SM
H/[ i‘\H ] H/ll I\H/]
AN P P p

e p P/\T PP

H H H

\Plt /Plt/ S H—P‘té—}Pt\ = P|t/ H\Pt
| s I | “sie | | “sme
p\h_46/P P\\/F‘ P\/F’

Scheme 10 Mechanism of "A-frame" inversion [477]

(235) iz demethylated by trityl tetrafluoroborate to give (236). (236)
teacts reversibly with MsCN to give the cts-speciss, (237), and with CO to
give 2 new "A-frame" complax, (238). (238) iz formed wvery rapidiy and

equilibrates over about 5 min with the CO analogue of (237) [478].
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P’/\F’ M p/\p Z+
| Me [Ph4CIIBF, ]
Me——-P]té—-—FI't“ —2 5 I Me—Pt——Pt —Me
P
P/ Me PP
(235) (238)
/co// MeCN
™ T/\T M
e e
by F't/
[\co/[ P P
PP l.-“Me ’ Me
Pt t
(238 MecN”” PeCN/P}
P“\/P
(237)

Addition of carbon monoxide to [Me sz(p—X) (u-dppm) 2]J'II (X = Bror I}

leads to the bis(ethanoyl)} complex [(MeCO) 2Pd2(u—X) {u-dppm) 2] X which may

be isolated and characterised. Oxidation of this product (X = I} yields

[szlg(p-dppm)zl and acetic anhydride. Resactions of (239) were alse studied

(240}, obtained on carbonylation, and [Pdy (u-dppm) ,(u-MeC-NMe) (CNMe) ] 3+

from treatment with MeNCO, have weak metal metal bonds [479]

PAP + . P +
Ftlﬂ/ ~““Fjd w L { PZjFJd

- | ™ \ ‘ Meco™ | I
P P PP

(219) (240)

Treatment of [Pt{dppm-r,p) C12] with RC=C-Li vields the face to face
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isomer of [Pt2 (CaC-R) 4(u—dppm) 2]. If the resaction iz perfermed in the presence
of dppm, or if dppm is added to the product, trans- [Pt(C-C-R]2(dppm~P) 2] is
formed. This iz a fluxional moleculs and the uncoordinatsd phosphine may be
readily oxidised or  alkylated. In a related process, treatment of
[PL(dppm-pr,P) 2] Cl, with {Hg(C«C-R) 2] gives the bimetallic compound
[(RCaC) 2Pt(u-dppm) 2H3012] in excellent vield [480].

c::-‘r"‘h:,”E’L’ZBwI—IwCF'Ph2 and the closely related compound,
o»PhZPCBmHmCPmMuz)z, act as ci= chelating ligands towards palladium in
[PdLClz] [481]. (241}, on the other hand, is a zrane chelating ligand (R = Ph,
3-MeC6H4, 4-MeOC6H4. 3—CF3C6H4. C’6Hll or M33C). NMR spectroscopy of
palladium and platinum complexes of the esrt-butyl substituted ligand show two

distinct  dynamic processes, with four non-equivalent tert-buiyl groups at low

@
@@ CH2R2

(241)

temperature [482] .

Polymer supportsd complexes such as (242} and (243) have Tbeen

3lp NMR spectroscopy in the solid state [483,484] .

AN /N©@ 0 O \F,t/C
N
Ph3P/ P‘\tl O PPhz .

(242 (243)

investigated by

The coordination chemistry of P]azP'('.leli'P}:nCI-I2PP]12 has bLeen investigated.
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Reaction with [Pd(FPRCN) 2C12} gives {244}, in contrast to the process with
[ha(CO) 4C12], which yields 2 trinuclear bridged species [485]. X-ray
diffraction studies of both (244) and (245) are reported. The six-memberad
ring in (245) has a skew ©boat conformation. Reaction of (244) with

[ha(CO) 4C12] gives an adduct (245) (486].

MeCN
Ph \ /Cl
| /F’d Ph
(Pﬁ ¢ \P/
Ph, R Ph ( w
N PhR____PPh,
Ad
a « YN
cl ¢l
(244) Ph; o ghz
(245)
ClyPd Ph ﬂth—PPh RAICL,
P

Roaction of [Meth(cod)] with RZP(CHZJ 3PHI’*‘h gives both displacement of
cod and cyclisation, to vield (247) [487].

Square planar compiexes of nickel(II) and pailadium(IT) with 14-membered
macrocyclic istradentate phosphine ligands had been synthesised by the one

step template ring closure reaction (50), and details are now reported in a
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full paper. Two isomers of (248) are formed and their structures were
determined by X-ray diffraction. In the RSSR-form, palladium is a squate
planar diacation as shown, but the RSRS-diastereomer has square pyramidal

¢oordination with chlorine occupying the fifth site [488].

[Rd (HMeP{CH,), PMek), ICI, ~/
HO P PZ H
N
+ - Fd (50)
SN
P- OH

SR N

(248)

Resomance Raman spectta of [Ptz(pop) 4]4_ have been studied

as a probe of the metal-metal interaction. The change in the
PPt vibration from 118 em™ C(PA, ()P to 156 cm’!

(EA%. dcr‘ pu'*) impliss an increase by a factor of 1.3 in restoring force in
the excited state relative to the ground state [489]. Low temperature
siectronic absorption and emission spectra of single crystals shaw absorption
systems in the 450 nm and 360 nm regions, attributable Lo transitions to the
A, and 1A, oxcited states respectively [490] .

Reaction of (EtO) 2POP(OEt)2 with trans- [Ptz(PEt3)2014] yields (249), the
structure of which was established by X-ray difftaction. Rather romantically,
the six-membered ring is described as possessing a chaise longue conformation.
The same complex is obtained from HCVH?'O/propanons hydrolysis of

cia- I?Pt{PCl(OEt)zl (PEtg) C12] [491].

(OED)
2 PEty
CLPf  O=p—pPt—Cl
(OE, =3
(249)

The structure of (250) has been established by X-ray diffraction, being
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the first determined of a complexed phosphinito or secondary phosphito ring.
The Pt-P2 distance is short, as chlorine has a low trans-infiuence [492].
(OMeJ
/3 i, \ t /PEt3
/:
O—-P
(OMe)z

(250)

1.5.4.14 Bidentate phosphorug arsenic donor igands

(251) and 1its sterecisomers have been  prepared, and the RR/SS
diastersomer resolved via diastereoizomeric salts suchk as (252). Phosphine and
nitrogen  are trans, and there was no evidence for the presense of

regioisomers. The RS5/SR diastereomer was resolved using (253) [493].

Me Me Me i?h Me
Me 2 Me N 2 ,
H"" /Cl Hew \ /As
Cf N
Me Ph
Ph
{2541 (252)

Me NGZ

H o™ \ /Cl \h

O

(253)

I1.5.4.15 Arsenic donor Ligands
The complexes [Pd{As(CHzP‘hJ 3} XQJ (X =Cl, Br, I or
N02), [sz(AsP‘hg)zCl] and [Pd(ASPhg) {DY)Clz] have been
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prepared and characterised [494].

The syntheses of the bidentate ligands thAs (CH2) nAsPh, (n = 6-12 and
16) is describad. These form square-planar complexes PciLZ}C2 X=Cl, Br, I or
[SCN);: n = 6, 8, 10, 12 or 16} and li'dl..Cl2 {n =7, 9 or 11}, which were
characterised by IR, selectronic, solid state refiectance and 1H NMR
spectroscopy. The trans-isomer is the sole product when n > 9 and the major
one for n < 9. The molecular weight of the complexes is a function of chain
length, with polymeric complexes of short chain ligands, and monomeric ones

with longer chain ansloguss [495,496].

1.5.5 Compleres uith Group I¥ doror ligands
Many of the complexes of Group IV donor ligands are  stricily

"organometallic” and thus fall outside the scope of this review.

1.5.5.1 Carbonpyl compleres

Molecular orbital calculations were performed on all the possible
isomers of [Pd,(CO),Cl,] 2" and [P4,(CO),Cl,]. It was concludsd that the choice
of bridging groups was dependent on the relative energies of the bridging
ligands and the HOMO for the Pd(I) complex, bui the LUMOQ for the Pd(ID)
compound [497]). Reaction of [Pt{CO) 2012] and [Ptz[CO) 2Cl“;] in the melt gives a
phase of cﬁmposition Ptz(CO)3C14, but X-ray analysis demonstrated that this
was a eulsctic and not a true compound [498].

A scheme has been devised to describe the reduction of Fe(Ill) to Fe(ID)

by CO in the presence of PA(II} (reactions (51)-(55)) [499].

PA(I} + CO - ~ Pd(II) (CO) (51)

PAUD(CO) + HO0 + CO— PAO(CO) + 2H' + co, (52)

Pd(0) (CO} + PAUD + CO —>2Pd(D(CO) (53)
+

PA(D) (CO) + 2Fe(II) + H20 —pd{In + Co, + 2Fe(Il} + 2H (54)
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Pa{l) (CO}) + Fe(lII}) —— > PA(ID)(CO) + Fe(ll) (5%)

A species of stoicheiometry [ (Ph3P) 2Ir {CC) 2PdC12] of unspecified
structure is formed om reaction of [ (Ph3P) AL (CO) 5 (COOMe}] with
cts- [Pd(PhCN) 2C12] [500] .

1.5.5.2 Cyantde completres

[NH4]2[Pd(CN)4] has been preparsd from Pd(CN)2 and [NH4] [CH]
in non-agusous solvents {501].

Further spectroscopic studies of the ome-dimensional salt, Ba[Pt{CN) 4],
are reported this vear. Luminescence and absorption studies were used to
identify localised and delocalised electronic states [502]. Two studies report
data on BafPt{CN)} 4] doped with [Ni(CN) 4]2'. Luminescence and optical emission
results were explained by assuming two types of [Pt(CN) 4]2- species within a
linear system of quast-localised states [503]. Emission decay curves and time
resolved emission specira were interpreted somewhat difforently, with a three
level model including radiationless passage from the lowest excited state of
[Pt(CN) 1% 1o DNI(CN) %" [504].

In anfPt(CN) 4]3.1;1-120, the optical properties of the compound depend
systematically on the intra-columnar Pt-Pt distance. Some modification of the

3+ cations and this is

emitting states of the platinum oceurs duoe to the Ln
explained by a mixing of the emitting A‘lu state with a CT state
(Pt{5d,2)-La(4f)), the energy of which depends on the lanthanide [505].

A study of the optical properties of [enH]z[Pt {(CND) 4] crystals represents
the first example of an investigation of a complex with an organic counter

1 kbar-l) is noted and

ion. A very large pressure induced red shift (360 cm”
the emission is profoundly affected by the magnetic field, being shifted by
220 cm'1 and increased in intensity by a factor of ten betwsen 0 and 5 Tesla.
The role of the organic cation is restricted to its effect on the Pt-Pt

distance [506].



115

Raman scattering from [Pt{CN) 4] 2- adsorbed on platinum colloids has been
compared with that in fres solution [507].

The ions [M(CN) 4]2' (M = Pd or Pt} have been compared with other
M (CN) 4]’1' species in terms of their rates of exchange of [CN] . The kinetics
of exchange were studied by 13C NMR spectroscopy and the rate expression shown
to be of the form kz[M(CN) 4] [CN], with no cyanide independent term. The order
of substitution rate, which is similar to the for ligand replacement in other
square planar complexss, is Ni >> Aa > Pd > Pt. The anomalous reactivity of
nickel iz due to the stability of [Ni{CN) 513', which resembles the
intermediate or an 1_ transition state [508].

Cyelic voltammetry of cyvanide melts with platinum metals indicated that
palladium was dissolved at potentials < 1.9 V and that M(II}, M(I) and M) (M
= Pd or Pt} could be produced in the melt [509].

1.5.5.3 Isoniitrile cocmplares

Further papers this year have discussed the reactions of coordinated
jsonitriJes  with  nucleophiles. From nuclegphilic attack of amines on
isonitriles in square-planar palladium (II) species, amino carbene complexes
are the main products (reaction (56)) via a four centre transition state
(254). A genera] mechanism iz formulated for reactions with secondary
anilines, in which a second mole of aniline is used to aszist proton tranzfer

in (255) [510].

NHA:'
cis- szl.Pd(CnN-Ar)] + Ar’NHz—'—"’ cla- [XZI.Pd‘< ] (56)
NAr

Both palladiom and platinum complexes ML2X2] X=Cl,Bror[; L=
CNCH230206H4-4-M9, CNCHZP]: or CNCHth) have been prepared and treated
with a wide range of nucleophiles. As before, amines (including methyl

glycinate) give diamino carbene complexes, and the anion of RCH2CN yialds
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(256) after proton transfer. Stronger nucleophiles cause displacement of the
isonitrile, The dipolar nature of the isonitrile complexes is shown in their

reactions (for sxample, {57)) with dipolarophiles such as PRNCO [511].

Ar Tr
|
R NHCHsR
7 //” N /R
Rt —( H A —C y \\ (Ph4P),C1Pt—C
» o NP
4N R i
& H \, !
Ar
(254) (255 (256)

H

!

' 1 N
—P{—C =N HR =Pt —N —Pt + (57)
SN ZQ | / | k

I
Ph

1.5.5.4 Tin donor ligands
Reaction of Kz[PtCI4] with SnCl2 in the presence of [Mc4N] Cl
gives a  variety of products, the ratios of which depend on
teaction conditions. These include [Me4N] 2[Pt(SnC13}2C12],
[Me4N] 3 [Pt(SnCIz) 5] , [MeéN] 6 [Pt3 (SnCl),l  and
[Me4N]4[Pt3 (SnClg) 5]. With high CI:Pt ratios and an excess of SnClz,
[Pt(SnC13)5] 3- is the main praoduct, but at loewer molar ratios clusters
predominate [512]. A closely related series of bromo compounds results from
the reaction of Kz[PtBr4] with SnBr2 f513). Similar species seem to result
from the treatment of PdCI2 with SnCl2, though oxidation states are rather
randomly assigned by the authors, and evidence {for the structures of the

complexes 1is lacking (514]. Reaction of K.2[PtC14] with SnClz/HF yields
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Kngt(SnF 3) 5] .4H20, which iz presumed to have a trigonal bipyramidal structure
[515].

Much of the study of tin complexes of platinum has bean motivated by the
importance of SnCl, as a cocatalyst with [PtL,Cl,] and analogues in
hydrogenation and hydroformylation  processes. 31P, ugSn and 19sPt NMR
spectroscopy has been used to identify the products of the reaction of Sn012
with platinam (1I) phosphine complexes. These processes have been reviewed
(Scheme 11} [516].

SnC
cis- OF trans- [Pl(PEt3) 2C12] ————12—‘} trans- [Pt (SnCl3) (.PEt3) 2C1]

SI'IC12

trans- [Pt (SnCl3) 9 (PEtS) 2]

P\ c1\ /01 e P\ c1\ /SnCl3 P\ /c1\ /SnC13
/Pt< /Pt\ T2 }’t ’\/ /Pt\ + /p: /Pt
ca P o a P Cl,8a \01 \P

Scheme 11 Reactions of S'i:aCl2 with platinum (II) complexes [516]

An entirely analogous process 1s reported for [PtL2C12], where L is
4 -methylpyridine [517]. However, the reaction with cts-[Pt(Ang) 2C12] (R = Me
or FEi) is somewhai different, at least when carried out in propanone in the
presence of [(Ph,P),N]*. The main product is [Pt(SnCl),(AsRy),}" in which
platinumn  adopts trigonal bipyramidal geometry with the arsine ligands axial
[518] . Spectroscopic data for these and related species are teported [519).

The reaction of trans-[HPt(PRg) 2CI] with SJ:;CI2 has besn investigated.
The product is trana-[HPt(PR3)2(SnC13)] and the spacies with R = zert-butyl
carbometallates to give (257) [520]. A study of solvent effects suggests that

ansolvated SnX, inserts into Pd-X, bonds but solvated E‘.nl'-#:2 gives substitution

2
via 3 pentacoordinated intermediate [521].
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H
Sl

.
[ SnCly

(257}

Propanone solations of cfa- [Pt(PPh3) (CO)C12] /SnCl, are active

catalysts for alkene hydroformylation. The species
[Pt (PPR,) ,(COYCHTY,  [Pt(saCL) 1%,  trans- [Pt(CO} (SnCl),C”
and unltimately crana~[Pt(PPh3) (SnCl.j) 2C1]_ are formed in a complex series of
rearrangements, and could be identified spectroscopically [522]. However, in
CH'ZZ‘I3 as solvent, a single insertion of SnCl2 occurs [523] . Reaction of
[R4N]2[Pt2(CO)2C14] with SnC12 gives insertion of SnClz between the platinum
atoms in (258) [524]. [Pt(SnClg) 2C12]2_ is also formed by reaction of
I-I2 [PtClG] or l:'t('ll4 with SnC]2 n (CH3)2CHOH [525].

Cl 1
N
Sn
VAN
Cl2 {(CO)Pt Pt{CO) C]2

(25%8)

The synthesis and characterisation of (259) and its trans-isomer is

reported [526] .

g-'ez ME‘2

Sn

\\ / ™,
{CHaly P (CHo)
Np '\P/ n

th F’hz

(259) n =2 or 3
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1.5.5.5 Germanium donor Ligands

Reaction of [M (PPhg)n] {M =Pd, Pt or Ni; n = 3 or 4) with
[(Pthe)zM‘] {M’ = Cd or Hg) vields [(PhBP)zM(M’GcPha) (GoPh3J]
by oxidative addition. The complexes are crystalline solids, which ars readily

oxidised in air {527].

1.5.5.6 Laad donor ligands
The complexes cLs-[(P‘th) 2Pt(R) (PszR’}] and tr:ma-[(Bn:,’P} th(PbR3)2]
(R = sryl; R® =R, Br or I) have been prepared and characterised. In the NMR

195 20

spectrum, second order coupling effects between Pt and 7Pb have been

observed for the first time [528].

1.5.6 Bydride complexes

trans- [HPt(PPhy) ,X] (X = Br, I, [NO,1 or [C10,]) is prepared
by substitation of chlorine in trans- [HPt(PPha) 2Cl]. The perchlorate is
teadily converted to trans~(HPt(PPh3)2IJ {Cl1o 4] on addition of L = C2H4, C3H6,
CO, PPh,, SbPhy or py [529].

Further studies of bridged hydride complexes are reported. Photolysis of
[Pt(PEt3) 3(C204)] in a stream of hydrogen vields (260}, which is also obtained
on addition of [H,Pt(PEty),] to [HPt(solvent) (PBt;) 1", Using [D,PtL,)
denlerium 1is incorporated specifically into the bridging position. The
solution chemistry of (260) depends on the countsr ion. With methanoate,

C2H4 yieldz [l"tL2 (C2H 4)], but no reaction occurs with the analogous
tetraphenylborate salt [530). A general synthetic route to (261} is described

by ancther group, using [Hzpt(PRg)zl , formed in situ from [Pt(cod)zl, P'l'w‘.3 and
H2. and trans- [Pt(PR’a)z(Me2CO)Y] [BF4]. The hydride (260) is more

easily prepared from [HPt(PR,),CIl and Na[BH,). 'H, *!p ana !¥pt

NMR spectroscopic data confirmed the bridging nature of two hydrides in  all
cases and an X-ray diffraction study of [(Et3P) th(p.-H)2Pt (PEtg) 2‘{] [BPh 4]

(Y = H or Ph) shows that one platinum is four- and the other five-cogrdinate
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[531].
(L Mo T ) Ry o ]
N \P[t_,_H e \PL—Y
LL/ N [Rf/ N
L PRy, -
(260) L = EtgP (261)

Analogous complexes of chelating biphosphines [Pt2H3 (L-L) 2]}{ (L-L =
dppe, dppp, dppb, cts—thPCH-CHPPhE or thPCHchzAsth; X= [BF4], I,
EN03] or EBPh4]} were synthesised according to Scheme 12. Whilst NMR data
imply fluxional behaviour, an X-ray orystallographic study shows bridging
hydrides in (262) [$32]. Reaction of (262) with L (CO or RNC) vyields
[PtZHL’ (L—L)2J+, the IR spectrum of which is consistent with bridging CO or
RNC. Again NMR spectroscopic data imply flaxionality, but X-ray data from the
complex in which L' = CO and L-L = dppe shows that both the hydride and CO are

bridging. Possible mechanisms for the reaction are shown in Scheme 13 ([533].

MeOH
[Pt (pz)zfl'_.— 1J] + 2H [BF4] '''' —t [Pt(sz}z(L-L)] (BF4]2
K[BH4] /MeOH
MeOQOH K[BH4]/MeOH
[P (L-L) Clz] + Ag[,BF4] > 2 [Pt2H3 (L'L)2] [BF4]

Scheme 12 Synthesis of platinnm complexes of chelating biphosphines with
bridging hydrides [532]
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'H2 —Hz

/PE—H——FI't—-L L /F’t——F’lt-——L
o / €0
ENANDS

Scheme 13 Mechanism of reaction of bridging hydride complexes with CO [533]

1.6 PALLADIUM (I} AND PLATINUM(I)

An excellent praparation of [Pd2 (:-dppm} 2Cl;_,] from [Pd({PhCN) 2(2!2] or
{sz(dba.) 3] is reported [534). New synthesss of [Mle(p—dppm)zxg (Ml,
M2 - Pd or Pt; X =~ Cl, Br, I or [SCNI) are also described, and the
regiochemistry of the insertion of C82 and other smagll molecules to yield
" A -frarae” complexes investigated [535]1. Reaction of [Ptz(p-dppm) 2C12] with
SnCl, yields [Ptz(u-dppm)z(SnC13)Cl] and (Ptz(u-dppm)z(SnCI3)2]. in the
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NMR spectrum of the latter species 3..1(“78

2'1%5n) is 24,300 Hz, the largest
three-bond coupling thus far recorded [536].

Ligand exchange and insertion into [Ptz(p-dppm) 2C12] has been reviewed.
Reaction of [Pt{dppm) CIZ] with Na[BH4] gives (263), isolable as the
crystalline [PF6]- salt. NMR spectroscopy shows fluxional behaviour in the
hydrogens only at high temperatures [537]. Treatmsnt of (263) with a variety
of ligands, L, results in loss of H2 and formation of (264). Deuterium
labelling and ligand studies imply that the mechanism is that shown in Scheme

14, in which rate determining reductive elimination occurs from the platinum

centre remote from L [538].

_ o4 + — - =+
thF/\ PPh, thi?/\ PPh,
/H\ L | ]
Pt Pl | T Hpr | L—RPt——pt—H
A |
(263) (264}

Reaction of (263) with CO vields (264} (L = CO), which may also be
obtained by treatment of [PI:2 (_u-dppm)z(CO)z] [PF6]2 with  hydroxyl ion.
[Pt2 (u-dppm)z(CO) 2] [F‘FGJ2 was fully characterised by X-ray diffraction. CO may
be rteplaced by other ligands such as PMezPh, but reaction with MeSH proceeds

via binuclear oxidative addition to yield (265) [539].

th;y/;Pth +
5
pt” Rt
H/l \\H
ProPa PPy

(265)



L
P/\P 'ﬂl”““‘
| u A AN a
(263) +L = H—Pt~" Pt = /F’t Pt
I )

Scheme 14 Mechanism of reaction of (263) with ligands [538]

[Pd, (u-dppm)X,] and (Pd,(u-dpam),X,] (X = Cl, Br or I) only
react with alkynes Dbearing eolectron  withdrawing groups to give

[Pd, (u- alkyne) (u-dppm) ,X,] [540].
The kinstics of methylens ingertion in reaction of CH2N2

[Ptz(;.c-dppm) 2){2] have been invsstigated. Ths data suggest that the
rate-detormining step in "A-frame" formation is transfer of an electron pair

from the Pt-Pt bond to the msthylens group of diazomethane [541). Reactions of

[Pd2 {(u-dppm) 2XY’] and [Pt:l.2 (u-dppm) 2 (u-O 2) XY] with X, have been

investigated [542].

Further studies of the coordination chemistry of Ph2P(2-DY) are

reported. Reaction between [Pt (Pth- 2-py) 2C12] and [Mz(dba) 3]

123
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1,5-diphenyl-penta-1,4-diene-3-one) vields [PtM (u-PPh2—2—py) 2C!2] (M = Pd or
Pt in which both metals are in the +1 oxidation state. Extensive 31P and
lgsPt NMR spectroscopic studies established that these are head-to-tajl
isomers such as {(266). However, with the analogue [Pt (PPh2-2~py) 212], the
head-tc-head isomer, {267), 1is formed. On heating, {267) is comverted to the
more stable head-to-tail isomer [543]. The head-to-tail complex, {268), may be
synthesised from [Rh(Pth-E—py) 2(CO)CI] and [Pd(cod)Clz] or

{Pa (PPh2-2—py) 2(312] and [Rh2 (CO) o Cl)2]. In either case, rhodium  has
uadergone owidative addition of a Pd-Cl bond. The structure was confirmed by
A-eay diffraction; the M-M bond has a strong trans-effect, as evidenced by the

long axial Rh-Cl and P4-Cl bonds. The head-to-head isomer was also prepared,
but is less stable than (268) [544].

Q e
il

PhyP
T |
C—P{— R —C —Pt——Pd—I
N PPh,
©/ thp\\(CN)
(266) (267)
Q)
Ph,P N
yd

Cl—RH——RI—Cl
a’ |

PPh,

(268)



A new structural typs for a Pt(I) dimer was established by X-ray
diffraction of (269); the {PtL3} fragments are close to planarity. A complex

series of reactions was investigated (Scheme 15) [545].

CO\\ /PPh'B
Br— pt —P{——F8r
| on,
PPh,
(269)
2_
co ?o "l |C0 0
X P—Pt—X | ——t—s | L —Pt—pt—x
|
X X = X
2L
3L
o co * o 0 _| ) CO_\ /L -
X :
L—Pt—-—-—Pl!——L Lw—Pt——Pt-——LJ—e- [ —P{—Pt —X
|
| J x
0 L
x\ ]
X —Pt—Pt—X
by

Schems 15 Reactions of {269) (L = phosphine, X = halide} [545]

By contrast, in two slightly vagus papers, Saviet workers reported the
formation of [{Pd(PRg) Cl}z(CO)] from PR3 and [Hdez(CO}2Cl4]. Infrared
data suggested a semibridging carbonyl, with elsctrochemical maeasurement
confirming that the complex is still of PA(I). The species disproportionates
quite readily [546,547].
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{(Pt({CO) X3J' (XX = Cl, Br or I) reacts with methsnoic acid aund
trialkylamines to vield [Pt)(C0),X,1%", the species being identified by 1°C
and wSPt NMR spectroscopic stedies. At 300 K thers is exchange of CO between
the platinum atoms [548].

Reduction of [sz(PPhglz(OCOCHz) 4] or [sz(PPhg} 2C12] with H2 or
Na/Hg gives {sz(PPhg) o) in equilibrivm with [Hdez(PPh3J 2]
[Pd2(PPh3)2] reacts with further [sz(PPhB)ZEOCOCHa)d{J to give (270}, a
palladinm (I} dimer. Although H2 doss not normally undergo oxidative addition
to Pd(0} or Pd{II), the binuclear Pd(I) complex reacts readily, giving further
[Pd2 (PPha) 2] [549) . Treatment of [ {Hthz(OH)B(HzO) 2}2] with an excess
of dmso at 100 < yields [Ptz(OH)Z(HQO}z(dmso) 4,'], which is indicated by XPES
dala to be a Pt(I) dimer. fPtz(dmso)z(OCOCH3)2] and [Ptz(dmso)4(OC0CH3)23

were also somewhat vaguely characterised [99].

A

|

PhyP—Pd——— Fld——PPh3

e

X-ray diffraction studies of (271) indicate that the complex is a Pd(I}
dimer with a direct metal metal bond. (271) is synthesised by ligand exchangs
{rom the amnalogue with terminal phosphines; none of the species RNC, CO, S8

or 302 ingert into the metal metal bond [550].
MeNC —Pd—Fg——CNMe

271)



1.7 PALLADIUM (0} AND PLATINUM (0}

The thermochemistry of the oxidative addition of species AB to

platinam (0) has been reviewed [551].
1.7.1 Complexres with Group ¥I donor Ligands

X-ray diffraction data ire reported for [Pt(302) (P093)2] , the first for
a stable tricoordinate zerovaleat platinum complex of this type. 802 is r.l
cootdinated, with pyramidal geometry. Reactions of this (Scheme 16} and its
P(CM33)3 analogue were studied; the latter iz lesy reactive, presumably due to

the staric bulk and the low compressibility of the ligand [552].
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302/02
[PL(CSy (PCy,) ) » [Pt(S0,) (PCy,) )
// v
[(PL(SC.) (PCy.,) S
? "3 ? (Pt(SO,) (PCy,) ,]
l’Cy3
[Pt(PC¥3) N > [Pt{PCy,),)
SOV
[Pl(Oz) (PCy,),)

Scheme 16 Reactions of platinum complexes of tricyclohexylphosphine [532]

Reaction of [Pt(C2H4) (PPh3)2] with PhasncszR (R - CH3’ CHZPh
or 2-propemyl) leads to  displacement of sthene and {formation of
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(Pt (PPha)g(Ph3SnC82R)]. X-ray diffraction studies indicate n2 coordination of
C=3, with the other sulphur atom uncoordinated. The initial product of a
similar rteaction of the thicamide is analogous and n2- C=S coordinated, but

this undergoes internal oxidative additon to yield (272) (553).

L

/ \
e

(272)

The very complex reactions of COS with PdClz, [Pd (PPh,) 4] and
[Pd(PPhg)z(Oz)] have been further investigated. The characteristic mode of

binding is nz-C-S as previously noted (Scheme 17) [554].

8] O
Il I
C
MeOH \\ S /| a
PdCl, + COS(excess) ——— ———— = PdS
2 S/ ‘\S
(273)
COS (limited) EtQOH/ O
MeOH
[PdCl (Cos)l + (@279
[PdClz(COS)] Ph SO+ [Pd(SbPhs) (COS)]

273y + PhaAs —_— PthsS + [Pd(AsPhslz(COS)]

Scheme 17 Reactions of palladinm complexes with COS [554]

As previously shown, CS2 #lso binds in the n2 manner; the new compoands
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[Pd(PRg) 2(CS2)] (R3 - (Mezcﬂ)3 or Meth) have been characterised, formed
from CS, and [Pd(PRS)n]‘ However, when {Pd(PMe,),] or {Pd(PMezPh} 4] react

with CS8,, the product has the stoicheiometry [{Pd (PR, (82CPR3)}2] . The

2!
structure seems likely to be (274), but this was not rigorously proven [555].

PR3

Phy
A
Pd—S.. 125
o ahd

2714}

[Pt dppe) (12-CS,)] reacts with [Pt(C,H,)(PPhy),] to give (275) as an
interrasdiate. This is not isolable, unlike its PPh3 anaziogue, but rearranges
to (276}, the thiocarbonyl fragment having been fransferied 1o the other

platinem atom [556].

5
5——(
/S\P PPh
thP—-Pz-—T-—-PPh-j PhoP Fi‘ I‘ 3
K/P PPhy K/PP“Z ¢s
Ph,
(275} (276}

Palladium{(0) phosphine complexes, [Pd(PR3)n] react with R'NCS (R’ = Ph
or Me) to yisld [Pd(PR3)2(n2-SCNR’)]. For R* = Ph, further resction yields the
dithiccarbamate complex [557].

Sulphine coosdination chemistry has been further investigated, with the
aim of synthesising unstable sulphines in the metal coordinstion sphere. Thus
the Pt{0) complex, {(C3’3P) oFt {E- (4-M5C6H 4S'.'#-Cl(‘.SC):'(] undergoes  oxidative
addition to vield cts-E-[PtCl (4-M3C6H43CSO) (PCy3)2]. Reaction with [Ar*S]K
then gives €277} as a mixture of Z- and E-isomers. Whilst this does rapresent

a formal suiphine synthesis, it is less efficient than the conventional routes

(266] .
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2m

1.7.2 Complexes with Group V donor ligands

Tetraazadiene complexes of nickel react with a variety of platinum{0)
complexes, with transfer of the complete azadiene ligand from one metal to the
other {Scheme 18). The formulations of several possible intermediates were in

accord with the limited spectral data available [558].

. ENi (Ar2N4} (CN CMeg) 2]
(Ni(AryN,) Pt {CNCMe,) 2]
[Pt (cod) {Pt{Ar N ) {CNCMe,) ]
2:I M33CN'C 24 32
MNi(Ar,N,) ] a, Me,CNC

[Pt (A12N4) (CNCMeg) 2]
[Pt (cod) 2] , PBty

» &
i (Aer 4) Pt (PEtg) 2] «————— decomposition

Scheme 13 Transfer of tetraazadienes from nickel to platinum [558]

Several routes to mixed-ligand palladium(0)} and platinum{0) complexes
have been more firmly establishad this year. Reduction of {Pd(PPha) 2012] by
K[BH4] in the presence of L yields, somewhat surprisingly, [Pd(PPh,)L,] (L =
thPC6H4-4-X; X =F, Cl, CH3,
been characterised by IR, electronic and NMR speciroscopy, cyclic voltammetry

OCHj; or COOH). The complexes have
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NMR spectroscopy, cyclic wvoltammetry and DTA [559,560). Thermal stability
decreases in the order X = Cl > OCH3 F > COOH > C.'H3 [561]. Photolysis of
(Pt(PEt;),(C,00] in the presence of L yields CO, and [Pt(PEty),L. ] (L = PEt,
or CO, n=2; L= 02H4 or CzF4, n = 1), Using XY {(MeQOH, HSiEt3 or

CH3C1), which is capable of oxidative addition, cis- or trm-[Pt(PEt3)2XY] is
oblained, the intermediate in all cases being [Pt(PEta)z] [562].

IR and Raman spectra of [PtCPPhB) 4] . [Pt(PPh3}2(02)] and
(Pt(PPh,),(C,H,)] have besn studied {563). The lifetime of homogeneous
metal(0) phosphine complexes, such as [Pd (PPhg) 4] , used in cyanation of aryl
chlorides, may be increased several fold by application of a reducing
potential [564] .

Reaction of [PdL4] (L = MegP or MethP) with HCl yields, wia oxidative
addition, trans- [HPdLZCI]. Reaction of this prodoct (L = M33P) with Na[BFh 4]
in the presence of an excess of MeaP gives [HPd(PMea) 3], formally a Pd(I)
species. Oxidative addition of PhCHzBr to [PdL4] results in the formation of

[PhCH PszBr] [565).

2

Treatment of (278) with (mesityl) P-Cth yields (279}, in which the
nz-coordination of the ligand was established spectroscopically. This is in
contrast to the reaction with [Pt(PPhS) 2(C2H 4)], reported last year, and that
with [Pt(cod)z] , both of which result in the formation of nl-species. M03CC:-P
also reacts with (278) to give an nz-pmduct. The preference of the triple
bond for n?' coordination is shown in the formation of (280} from a mixture of
ligands and [Pt(cod)2] [566]. He I PE spectra of Ma._,‘CCnP have been assigned
by comparison with other related species. It was shown that there is greatsr
sepatation of v and n levels i CaF than in CalN, in accord with the
ohsarvation that the phosphorus lone pair is not the sole binding site for any
complex of this ligand [567].

The proparation of ['Ptz(p-dppm) 3) by three different routes has been
reported [568]. A simpler synthesis of [Pd(dppm}z] it achieved by reduction of
[Pd(PhCN)2C12] by Na[BH,] in the presence of dppm [569].
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mesity|
P thc_:':P/ Y
Pt ityl P=—
PNy mesity CPh2 P
Ph,P \ PPh, = Pn, L\PPh2
PPh,
_-PPh,
(278) (279)
AR
AN
PhyC=P ;]3——_(:th
R R

(230) R = mesityl

The structure of [PtLg] (L= Me3C(Me3Si}NP-NCMe3). the preparation of

which was reported last year, has been determined by X-ray diffraction

[5701.
Reaction  of

[Pt (cod) 2] with cis- [(RPN: CR3) 2] , diszaphosphatidine, yields
(Pth] , (281). In bYenzene, disproportionation to [L-Pt-L-Pt-1] and L is
significant [571].

CRy f.—'Ra
‘\\I;l{"!

, N
R-— PRT/"'PPt *—P<N>P-——R
|

CRy CRy

(231)

Diphenylphosphonylazide, (PhO) ZP(-O)N3, reacts with {Pt(PPhs) 3J to vield

[Pt (PPh3) N3 (O=P{OPh},}], characterised by IR spectroscopy [572].
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1.8 PALLADIUM AND PLATINUM CLUSTERS

The arbital interactions of platinum clusters with CO have been studied

{573] . Other hydrido platinum carbonyl clusters have been investigated [574].

1.8.1 Trimeric clusters

In the clusters [PI:3 (,u—CO)3L4] (L= PEt3, PMezPh, PMeth, PEtzt-Bu or
P(CHzPh)th), 31P and 195Pt NMR spectroscopic measurements show non-equivalent
phosphines and two types of platinum atoms, leading to a postulate of (282)
for the structure [575]. The complex with L = PPh3, when impregnated onto
inorganic supporis for catalysis ot chromasatography, yields
[Pti(u-CO)S(CO) (PPh3) 4], a fact which is significant in terms of the use of

such systems in catalysis [576].

L L
Y
YAVE
i N/ N
co

(282)

Two other papers report the preparation of proven triangular clusters.
Reaction of Pd(OCOCH3)2 with dppm, CO and tfaH yields [(283)}2+;
X-ray diffraction studies indicate that the [Pngs} unit is roughly planar
[577]. Treatment of [PtLa] {L. = Me3C(Me3Si)NP-NCMe3} with Me,CNC or CO
gives respectively (284) and (285). These structures, confirmed by X-ray
diffraction, represent the first examples of clusiers containing a bridging
phosphazene ligand [578].

Both X-tray data and 31P NMR spectrogcopic studies imply that the cyano
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bridges in [Pd3 {dppel 3 (u-CN) 3] [C104] 4 are significantly non-linear [5791.

R
N
o p RNC C CNR
Pid F! \;Dt':—-:}Pt
P RCP’ ~p HN‘———-/—' bpt{_}?\z[\[p
P
P \‘PJ RRN \NR NRR'
(283) (284)
RRN NR
>P//’
o¢ o
\;Pt—\?vt\/
RN=P__:_‘\PP/H P==NR
J \
RRN b NRR
(235)

The reaction of the l:'t:l(OC»‘Z}CH3)2 trimer with CO has been investigated,
the pathway proposed being shown in Scheme (9. Whilst kinetic measurements and
studies of intermmsdiates have cleatly been useful, a number of the steps are

still less than well-defined [580,581].

[de(OCOCH3)2} gl + CO-———— [{Fd(OCOCH,},},CO] —— >
[Pd3(0COCH3)5(COOCOCH3)] e [Pd3 (OCOCH3)5(C0CH3)] + COz>

trans- [sz (Co) 2 (OCOCH;) 2 (u- OCOCH3J 2] ———— {{Pd(CO) (OCOCHg) } 4]
!([CH:,}COO]NW‘CHgCOOH

Pd() + 2C0 + 2CO, + 2CH,COOCOCH

2 3

S[chamo ]19 Reaction of palladium ethancate trimer with carbon monoxide
580,581
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Treatment of [Pd (PPh3) 2(.'1121 or [Pt:l2 (PPhS) 2C14] with dihydrogen and an
amine yields [sz(PPhg)3(u~PPh2)2(p-Cl)]Cl, in which XPES suggests an
oxidation state close to +1 for palladinm. Various mechanisms are proposed for
formation of the cluster and the reaction is related to that of the ethanoates
[582]. The same cluster is among seversl products formed by reduction of
[Pd(acac) 2] with molscular H2 in the presence of PPh3 [583].

A somewhat different type of trimer, (286), is formed on reaction of
2,6-bis{diphenylphosphina) pyridine with [Pd(cod) Clz] . X-ray diffraction shows
a non-symmstric struciure with two cts- and one trana-coordinated palladiom

[584]. ol

|
oL

(286)

Reaction of l:’l,‘-Cl2 with K+/ SnC12/ HF is reported to yisld
KB [Pd33n8F241 .JDHZO as the major product [515].

1.8.2 Tetramaric clusters

Molecular orbital calculations on phosphine substituted closters of the
platinum metals indicate how thay may be sncompassed within the framework of
the polyhedral skelstal slectron pair theory. Both the butterfly cluster
[Pt 4(C0)5(PR3) 4] and the edge bridged tetrahedron [Pl;5 {(CO) G(PRE!) 4] are
considered in detail [585]. The butterfly structuie was assumed by groups
synthesising [Pd4 (CO)S(PBu3) 4] from [Pdw(CO) 12(l:‘Bu:,'}Gl, CO and PBu,
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{5861, and [Pd4(CO)5(PMePh2)43 from [Pd(PMeth)z(NOZJ] and CO

(587). No attempt was made to define the structure of the diamagnetic species

(287) formed in reaction (58) [538].

CH3CO OH/HZ

Pd(OCOCH3}2 + phen > [Pd4(phen) (OCOCH3)2]
’[
02/CH3COOH H,

KCi
K [Pc:tg (phen) (OCOCHy) 4 C13] ——— [Pd9 (phen) (OCOCHg) 3 (02) 33 (58

1.8.2 Bigher nuclesartty cluaters

The stoicheiometries and geometries of [b..J[n(PR3)n]‘L'+ {(n=3,4,506 M=
Au or Pt) were analysed using extended Huckel calculations. The isolobal
nature of the (M (PH3)} fragment depends critically on the nature of M and may
be used to provide a basis for predicting cluster structure [539].

[Pd(nl,n3-CsH12) (PMe3)] reacts with CO in toluene at -30 oL to give
[Pd,;, (CO)-;(PMeg)?]. X-ray diffraction established that the structure is a
face-capped octahedron of Pd atoms with one P"Mta3 attatched to each. Four of
the CO molecules bridge faces of the octahedron and the other three bridge
adges to the unigue palladium [590] .

Treatment of Pd(OCC)CH:,‘)2 with CO/R,P/CH,COOH in propanone
gives a mixture of [Pdm(CO) IZ(PR?p)G]’ [Pdm(CO) 14(PR3)4] and the
tetrameric cluster, [Pd4(CO) S(PRBJ 4] {R = Bu or Et), the ratio of the products
depending on the molar ratio of the reactants. Solvent is also important. The
Ple compound with R = Bu iz a ]10-vertex polyhedron, an octahedron with four
unsymmetrically centred palladium atoms on non-adjacent faces. The I’Bu3
ligands are coordinated to the apical palladium atoms, and the capping atoms
[581,592].
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A careful investigation of commercially available PdCl2 has been
performed. It appears to be wery similar to "ﬂ-PdClz", which is also formed
from [Pd3(OC0CH3)6], CO and HC1. Mass spectral date suggest a
PdCl,, formulation with two {Pdacla} units linked by chlorine bridges [593].
[le(CO) 24]2' catalyses the reaction between water and benzoquinone to give
oxygen and 1,4-dihydroxybenzene. {Pt3} units seem to be the important reacting
species [594] .

Two salts of the supercupeane dianion, [Pt24(CO) 22(;-00) 8]2—' have been
isolated. The cubic close-packed fF‘t2 4} unit is related to two ten atom
Pt(i11} faces, and the structure may be considered as a model for absorption

of CO on metallic platinum [595] .
1.8.4 Heteronuclear clusters

Whilst structural stodiss continue to dominate reports of hateronuclear
clusters, reactivity iz becoming more significant to many authors.

Extended Hickel molecular orbital calculations have been
performed on the cioso-platinaboranes [IQM(B“HH)]} and [l.zM(BGHGJ]Z-
and the cioso-platinacarboranes (L, M(C,BoH )1 and [LM(C,B,HJ]

{LzM - (H3P) 2Pt} . These chiefly relates to the orientation and slip distortion
of the {ML2] fragment relative to the polyhadron [596].

The clusters of this type which are being synthesised are
becoming more complicated. The 17 - vertex macropolyhedral
trimetalloborans, [(PhMezP) 4PtzBl4H16] , (288), may be interpreted az a
formal pentadecahapto complex of a 7,7 -bilarachno-heptaboranyl) type
ligand coordinated n4,n5.n6 to three metal centres, or a nido type
2,7, 10-trimetallavndecaborane clyster conjoined to an
iso-arachno-6, B-dimetallanonaborane cluster with threes adjacent vertices,

Pi-B-Pt, in common [597]. The first nido . 1l-vertex - dimetallaborane cluster,

I T !
7,7- (MeSP)z-Q- (PPh3) -9- (thP-T -C6H4}-9-I-I-ni-do-7, 9-PtIrB9Hm-4] , (289),
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has been characterised by X-ray diffraction. The complex is prepared from an
iridadecaborane and cis- fPt(PMa3} 2C12], and the metal atoms are in

non-adjacent positicns on the open face [5981.

(289)

Reaction of [Pt2 (P'EtaJ 4 {n-cod)] with nido-5,6- C2BGH 12 yields

[9-H—9,9-(E¥.3P}2-(um'11-H)-7,8,9-C2PtBsH10], (290}, characterised by X-ray

diffraction. It is formed by oxidative insertion of the {Pth} fragment into a
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¢-BHB function followed by interaction of Pt{II) with the cage. The structure
approximates 1o a nide icosohedron with 2 CCPtBB open face. On hsating
molecular hydrogen is evolved;, the s-H is lost and one PEt3 ligand is
transferred from platinem to boron to give [9-H-9,10-(Et3P) 2—7.8,9- C2PtBsH9] .
91 [599].

(290)

: ciziny
gFcizs
23 ey

(291
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Reaction of [PtEPPth 4] with X, [Pbgl in the presence of en yields a

species which shows a triplet in the 207

Pb NMR spectrum {JPt-Pb = 4122 Hz),
allowing the assignment of a2 formula [PbIPtLy]q-. An analogous species is
proposed from K4 [Sng]/e.n. The structure predicted iz related to ntdo-BmHl 4’
with platinum occupying one of the open positions [600].

Some further reactions of bimetallic W-Pt compounds have bsen reportsd
this year, and two extensive full papers published. When (292} is treated with
the Tebbe reagent, {293) iz isolated and characterised by X-ray diffraction
[601]. Treatment of [PtW(:-C{OMelR) (CO)S(cod)] with dppm
yields [P‘l.3 (CO) 4 (u-C{OMelR) 4], [PtW{u-C{OMe}R)} (u-dppm) (dppm-p) (CO) ]
and, as the major product, [PtW{u-C{OMe}R) (u-dppm) (CO) 5], (294), this latter
being characierised by X-ray diffraction. The platinum atom has roaghly sguare
planar coordination with one coordinated carbon monoxide ligand. Treatment
with H[BF4] yvields species with bridging carbyne ligands [602]. Under
carefully controlled conditions, (295), an intermediate in the formation of

(294), may be isolated. Chromatography on basic alumina yields (294),

characterised by X-ray diffraction [603].

R PN R
cpzTi\ /AlMez
Cl ‘
(Me P, Pt ——WICO),cp > (MegP), Pf_\:-——-W (COscp
0
(292} {293}
w7 MeQ R
oo
(OC)W —— Pt (O} e Ve

- T {CICISW——Pt\P>
thF’\\/rPth ph2

(294) (295}
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P
(OC) N —Pt <P>
\ r" th
co

(296)

Two routes to the first family of heterotetrametallic palladiem
clustars [szMz(cp)z(CO)ﬁ(PRg)zl , (97) (M = Cr, Mo or W; PR; = PMe,,
PEtg, PBua, PMezPh or PPh3}, have been described {reactioms (59) and (60}}.
The X-ray diffraction studies of (297) showed several notable features. PEta
is coordinated to palladiom and the four metal atoms are coplanar in @
iriangulated parallelogram. The eighteen electron {M (cp) (CO) 3}- fragments act
as 4e” donors towards the L-Pd(I)-Pd(I)-L wnit. Two of the CO ligands are semi
triply bridged on the heterotrimetallic face M-Pd-Pd’, with M-CO shorter than
Pd-CO. All the metal metal contacts are short, but at 2.578 A for Pd-Pd’, this
is the shortest reported Ffor this bond type, shorter even than in the bulk
metal [604]. The clusters, which have also been prepared for platinum, exhibit
an unexpected irreversible two-electron reduction lsading to rupture of the
metailic core [605]. Adsorbed on alumina, (297) (M = Mo; PRy = PPh3) is an
aclive catalyst for carbonylation of 'F’h.NO2 to PANCO in high yield [606].
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Na[M(CO),(cp)] + [Pa(PPhy),ClL]— (297) + [M,(CO)4(PR,) (ep)y] (59)

M=~ Mo or W
NaM(CO) 3 (cp)] + (Pd(PhCN) 2'(:12]——-? [{cp) (CO 3M—Pd(PhCN)2-M {CO) 1 {cp}]

RSP

(297} (90 %) (60)

Nucleophilic attack of NalMn(CO) 5_'] on [Pd2 (p-dppm) 2C112] gives the
non-symmetric tetrametallic species (298) in 23 % vield, as well as 18 % of
[PEC1{u-dppm) oMn (CO) 3] {6071. In a closely related reaction, Na{Ca(CQ) 4]

vields [l:’cl.ch:2 (CO)7(dppm) 2:I, again characterised crystallographically [608] .

(298)

Roassin’s red salt, Naz[Fez(g-S}z(NO)d_], reacts with cis- [Pt(PPh3J 2C12]
in thf to yield [(Phap) 2Pt (_u.3 -8) 2Fl=2 (NO) 4] , which is also obtasined by
displacement of CO by NO in [(Pth) 2Pl(,ug-3) 2F92(COJ 6]' The complex
was characterised by X-ray diffraction, and the planar {SzFeZ} rthombus of the
initial sait is Tfolded in the platinum adduct, with both linear and bent
nitrosyls on each iron atom [609]. [PtFegTez(CO)G(PPh3)21, like [Fe.3'I‘e2 (CO)g] .
is a fifty-electron cluster. However, since PL{II} prefers a sixtesn-electron
system, the {(Pth) 2l:’t} fragment is effectively eguivalent to {Fe{CO) 4} or
{Co(CO) (ep)}. Thus akthough a ntdo-structure would be expected purely on the
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grounds of the cloctton count, the Te NMR signal observed iz more typical



of an arachnc compound [610]. Chiral octahedral complexes, containing three

different types of metal atom in the polyhedron, were formed in reaction (61}

[611].

diglyme
[Et4N'_]2[FeSC(CO) 14] + RhCl3 ] [Et4N] [Fe4RhC(CO) 14]

[{(»’-allyDPACI} ]

[Et4N] [Fe 4RthC (CO) 15] 1)
The  unstable crimson  cluster (299) is obtained from

[Rua(CO)“(CNCMes)] and [Pt(PPha)z(Cszj] at -30 =C. At room temperature
it decomposes rapidly, vielding trimetallic species ERuth(CO)7(PPh3) 3] )
[RuPt, (CO} 5 (PPh,) 3] and [RuPt,(CO) 5(CNCMe,) (PPh,)] as well as
the tetrametallic cluster, [anPtz(CO)g(CNCMaB) (PPhg)] as the major platinum
containing species. [RuPtz(CO}S(PPha) 3] becomes the major product in the
prosence of CO, and was characterised crystallographically. Reactions of (299
with M33CNC, MegP and (MBO)3P were also studied [612].

PPh3 Gy (0

o | l /

tee
\/ 74 T7 NI
(COJ4 05— [— 0s(CO);

Pi—Pt /\ /IL

Ph3P PPh3 (o)

(299) (300)

An unsaturated osminm platinum cluster [Os?‘Pt(p-.H) {(Co) m(PCsvgJ] , Teacts
with molecular hydrogen at 200 atm pressure to give (300}, the reaction being
reversed if dihydrogen is removed. CO may also be reversibly added to the
compound, yielding [Os3Pt(u-H) (CO)ll(PCy3)] [613].

Ia the presence of MCl, (M = Pd or Pt), [Rh, (cp) , (k- CO) (CO) ,]
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is converted to [{Rh{cp) (p.-CO)}g]. [ha(cp)z(CO)g(u'Mmz}} iz formed as an
intermediate and decomposes to give [Rhicp}{(CQ)]1, which teadily trimerises
(614]. [P,Rh) (CO),, 1% and [PtRh,(CO),,]* were obtained from the
conttolled pyrolysis of IfPlRl'.L5 (CO)1 5] ", The platinum atom lies inside a twelve
metal atom shell, and there are twelve bridging and twelve terminal CO ligands
[615].

Structures of neutral and cationic complexes with bridging Cl and CN
ligands have been investigated. The bent MCIM and MCNM bridges in oligomers
suggest that chlorides will normally be dimeric, whereas cyanides prefer a

tetrameric structure [616].
1.9 CATALYSIS BY PAILLADIUM AND PLATINUM COMPLEXES

Synthetic and catalytic reactions involving PA(II) and Pt(II} complexes
have been reviewed [617]. Complexes with Pd-Pd bonds are active catalysts for
hydrogenation, carbonylation, oligomerisation, hydration and oxidative

acetylation of alkenes [618].
1.9.1 Hydrogenation

Again this year, many reports refsr to the uss of palladinm complexes
immobilised on polymer supports for "homogeneous"” hydrogenation. As noted
previously, XPES identifies the active species as an o,N-bonded chelate when
the catalyst is a polyvinylpyrrolidone palladium complex supported on silica.

In addition to the previous studies with alkenes, this species has now been
used for reduction of nitrobenzens to aniline with H2 {1 atm, 25 =C) [619]. An
analogous catalyst bound to a crosslinked polystyrene backbome 1is also
eported  [620]. High activities in alkeme reduction are noted for
poly (oxa -7 -diphenylphosphine -6 - hydroxyheptyl) siloxane [621] and

poly {y- (3 or 4-diphenylphosphino) phenylpropyl}siloxane palladiam complexes on



145

gilica [622,623). The latter two catalysts are readily reusable without loss

of activity. Polystyrene bearing NM32 groups, complexed to PdClz, gives
a catalyst for alkeme hydrogenation which is sensitive to steric
hindrance in the substrate. The catalyst is air stables, and again reusable
without loss of activity (624]. Polyphenyl guinoxaline palladium complexes
supporied on silica [625] and chelates of palladiom with poly(3- or
4 -hydroxyphenylbenzoxazole) terephthalimides as fibres [626] have also been
vsed as catalysis,

{Pt(PPhg) 43 has been used for preparation of Pt/C and Pt/ALQ, catalysts
for hydrogenation; this complex gives catalysts of higher activity tham those
obtained using [Pt(NHQ 4] C12 [627]) . The mechanism of sslective hydrogenation
and isomerisation of hexenes in the presence of aromatic hydrocarbons on a
palladium sulphide catalyst has bean investigated [628].

PdClz, with or without Na[BH 4], in polyethylene glycol iz an excellent
and selective catalyst for reduction of alkynes to cis-alkenes. Under more
forcing conditions, alkanes are obtained [629-631].

[sz(PPha) 2Cl4] has been used as a catalyst for reduction of AINOz, the
aniline being the sole product under elevated H2 pressure. The reaction
intermediate [Pd (PPhg) (PhNOz) Clz] was isolated and characterised, and a
mechanigsm accounting Ffor all the observed products proposed [632]. Using

trans- [Pd{(py) 2C]2] as catalyst, 60-90 % AINH, is obtained from AINO, at 1 atm

2
H2, but the yield is increased at higher pressure [633].

Chiral carboxylate derived ligands such as (301) form complexes
[(n>-allyDPALCI] with the allyl palladium chloride dimer. On treatment with

Na[BH4] , a catalyst For enantioselective reduction of itaconic acid is

obtained, but optical vields are low {634].
Q

/

P
EtyN—"

P(NEtp)p
301)
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Pd(II) catalyses the decomposition of methancic acid te H2 and COQ, an
important step in the use of HCOOH as a reducing agent [635].

The activity of [Pt(I-IzO):I_!C114_n]"‘_2 (n=0,1, 2, 30r4) in catalysing
H/D exchange in alkanes is telated io the distortion snergy of the complex
{636] . K2 [PtC14J is reported to be pgenerally the best catalyst for H/D

exchange of hydrocarbons and hetarocycles by DO, but [Pt(en}2]C12 is

2
recommended for sulphur contairing heterocycles [637, 63B].

i.%.2 Carbon monoxide reactions

[Pt(PPhg) 2(:‘.12] /SnC12 is a well established catalyst for alkene
hydroformylation. Addition of chelating diphosphines alters the reaction rate;
dppe is an inhibitor and the best rate is obtained with dppb, which also gives
enhanced selectivity for aldshydes. It seems that a chelating phosphine in
which one phosphine is relatively readily decoordinated is the ideal ligand
[(639]. The precatalytic reactions of [Pt(PR3}LC12] (L = R2$ or CO: R = Ar)
with SnCl, have been investigated [640].

Hydroformylation of 1-pentene in the presence of
[Pt(PhCN)2C12]/dppf/SnC12 at 100 oC and 100 atm gives 60 % aldehydes, of which
97 % are sirzight chain [641]. Pd(OCOCH3)2/R3P/maleic anhydride is a useful
catalysis systern for dimedisation/carbonylation of butadiene to  vield
ccladiencate esters [642] .

The rather spectacular enantiomer excess (95 %) reported in asymmetric
hydroformylation of styrene in the presence of [{(-)}-DBPDIOP} PtC]2] has now
been rtevised to 73 X, a tesult which is, by any standards, still impressive
[643].

Reaction of 1-nonene with CO/HZO in the presence of polymer supported
PdA(1I)} vyields decanoic acid and its isomers. The best yield and selectivity is

obtained  using P‘dCl2 on chlorinated poly(vinylchloride} [644]. «-Methyl
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carboxylic acids are the main products when l-alkenes are treated with CO/H20
in the presence of PdCl,/CuCl,/0,/HCl [645].

Carbonylation of halides, RX, in the presence of [Pd{PhCN) 2C12]/R'3P
yields RCOOH. Rates are in the order R = alkyl < Ph < PhCH2 and
X = Cl < Br <1 [646]. Acids are also obtained using [Pd(PFha) 4] as catalyst
under phase transfer conditions. The nature of the palladinm complex employed
is critical in this case; [Pd2 (dba) 31 (dba -
1,5-diphenyl-ponta-1,4-dieme-3-one} catalyses reduction and coupling of the
halides, whereas [Pd(dppe)2] gives acids under “normal" conditionz, but esters
under phase transfer conditions [647]. Esters, ArCOOR, are also obtained from
{AIZI]X in the presence of PdCl2 or Pd(OCOCH3)2 [648] .

Carbonylation of alkyl substituted 3-bromo-but-3-ene-l-ols in the
presence of [Pd (PPh3) 4] yvields a-methylene lactones [649].

In the presence of amines, one might expect to obtain amides az the
products of halide carbonylation, and many intramolecular reactions of this
type are known. Howaver, using [Pd(PMcPh2)2C12] or [Pd(dppb)Clz] as catalysts,
the main product is RC()('IONIBL’2 from RX, CO and R’ZNH. Selectivity is up to
98 % for R = Ph, R’ = Bt [650,651].

Halides may be converted to aldehydes by a combination of carbonylation
and hydrogenolysis (reaction (62)) [652].

[Pd(PPh3}4
+ €O + BUBSn H + Bu 35 nCl
cl 50'

(62}

Carbonylation of 1,3-dinitrobenzene in the presence of [Pd(py) 4CL,1 or
[Pd (quin) 2012] gives the bis(isocyanate) [653]. However, in the presence of
ethanol and using VCls/PdC12 as catalyst, ArNHCOOE is obtained from ArNOZ,
with a sslectivity which depemds on the nature of Ar [654].

Reduction of CO by molecular hydrogen over platinam metal carbonyl
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cluster catalysts gives ethano]l as the major product [655].

Oxidative  coupling and carbonylatioe of ROH in the presence of
stoicheiometric beanzoquinone and catalytic [Pd(PPhg) 2(OCOCH3) 2] gives 60-95 %
of oxalate esters [656].

Reaction of ethyne with CO in the presence of FeClg, HgC]z, Licl, Pd('.ll2
and HCl vyields #rans-3-chlotopropenoic acid, via vinyl mercury and vinyl
palladium compounds [657].

Site specific oxidative carbonylation of indole and its derivatives
takes place in the presence of Pd (OCOCHg)z/Naz[SZC)a] {reaction (63)) [658].

Thicphene derivatives, such as [302) react similarly [459].

COOH
P4{OCOCH3),
+ (O 2 63)
T Na,[S5505] N
R

R

R = COOMe, COPh or H

RI{OCOCH3),
s + 0 —

NGZISZOB] R S COOH

(302)
R = H, Me, Cl or Br

Finally, CO and CC14 mzy be added simultaneously to an alkene under

palladiam catalysis (reaction (64)) [660].

PA{QCOCH4]
/\\/\\/\/// T 00+ CC[_-_.-' {OC H3.12 /PPh3

EtOH [ Ko[CO4]
/\/\/\ECDDEt ‘/‘\\’/ﬂ\/,/\(C[
CCly CCl

60 40 (64)
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1.9.3 Gzidation

K2[PtCI4] supported on alumina is active for the oxidative chlorination
of CH4 by H-C.I/O2 mixtures [661].

The effect of hydrophilic solvents on the palladium catalysed reactions
of alkenes has been investigated. Mechanistic implications for isomerisation
and oxidation to ketones were discussed [662].

Again this year, many papers concerning the Wacker orxidation refer to
little more than minoar improvements in technique or reaction conditions or
more detailed kinetic studies [663-665]. Further details of the study of

17

reaction  (65) are reported; 'O NMR spectroscopy implies that the axygen atom

from 1.1'[1\103] bacomes the carbonyl oxygen [666].

CH,COOH, Pd(OCOCHg}z, I..i[NOg]
C,H, + O2 - CH,CHO (65)

3

A long series of papers from a Soviet group details kinetic
stadies, effects of catalyst and additives, and proposed mechanisms of
the various versions of the palladium catalysed oxidation of ethene to

CH,COOCH,CH,OCOCH, or CH3C00CH2CH20H [667-672] .

2
Numerous other oxidations of 1-alkenes in the presence of PdC12/ Cn2C12
have been investigated. The kinetics of butene oxidation have been studied and
imply a binuciear [sz (butene) 2C12] intermediate [673,674] . -Unsaturated
esters have also been oxidised, the presence of quaternary ammonivm salts
giving increased yields [675] . Na,[Pd(Ph,PC.H,S0,3},Cl,] [676]
and [Pd(MeCN)z(NOQJ Cl) [677], in the presence of CuCl,, have also been
used as catalysts. XPES  studies of palladiom black samples and
[Pdm {(phen) 4(0COCH3)2(02,) 3} have been related to their catalytic activity
in propene oxidation [678].
Whilst the palladium catalysed oxidation of internal alkenes is

relatively uncommon, allyl benzyl ethers are converted to ketones with good
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regioselectivity (reaction {66)) [678). If the reaction of enones iz performed

in the presence of a diol, an aldehyde acetal iz obtained, again with good

selectivity (reaction (67)) [680].

0
PdCl, [cucly
ST ocHPh —> )\f/\OCHzPh (66)

0y

0
PdCl, /CuCl
R/“\/ N Hm 2/CuCl .
H 0

"

{67)

When the catalyst system used is Pd(OCOCH3)2/UCV1j [Nog]/CH:;COOH,
the major products of 1-alkene oxidation are mono- and di-ethanoates [681].

Both 1,2- and 1,4-oxidative addition products are abtained from butadiene and

ROH (reaction (68)) [682].

PdCl,

N+ 0 + ROH ~——— RO/% + ROWOR

CuCis

1

OR
(68

Other catalytic systems promote allylic oxidation of alkenes. For
example, propene is converted to allyl ethanodte in the presence of a phen or
bipy Pd(0)} cluster [683]. Cyclopentsne gives cyclopentenyl ethanoate as the
main product using M53C00H' as oxidant and a catalyst system formed from
PdC12/Te02/AgOCOCH3 in CH3COOH. The mechaniszm is thought to
involve acetoxypalladation followed by dehydropalladation [684]. Both enones
{from allylic oxidation) and methyl ketones are obtained by photolysis of
1-alkenes in the presence of O, and F’d(O:;!(_‘,Cl'Jz}2 [685] .

Thiocyanates, RNCS, are oxidised to RNCO by molecular oxygen in the
presence of PdCl, [686].
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Aldeshyde acetals may be opened to yield hydroxyesters by MB3COOH , using
[Pd(OCOCFa) (OOCMs,)] as catalyst (reaction (69)); PdCl, and {(Pd(MeCN) 2C12]
are also effective but vields are lowar [687].

R 0
N IPd (OCOCF 3100 CMey)] )k
(CH > R O(CH2)n0H (69)

H 0/ M egCOOH

1.9.4 Othar adaitions tc alkanes and alkyhnas

This year's reactions have provided some novel processes in
hydrosilylation chemistty. 4 -Halophenylpropyltrichlorosilane and
4-halophenylpropylalkyldichlorosilanes form useful copolymers with [Si(OEtL) 4] .
Both may be prepared in good yield amnd selectivity by hydrosilylation of the
appropriate allybenzeme in the presence of Hz[PtCIGJ [688) . There have been
two reporis of tather regioselective gaddition of disilanes catalysed by
[Pd(PPh3) 4] {reactions (70) and (71)) {689,650].

SiMe,
[Hﬂ{PPh:;LQ]
—_———= & ClMezsiSiM63 _— {7Q)
93¢ SiMe,C|
[Pd{PPh,),1
N+ MeSisiCigMe ———— SiMeCl,
82 “ ClpMesi— "

N

Two other, somewhat more curious, addition reactions also yield silanes
as the ultimate product. Reaction of alkynyltrimethyisilanes with allylic
chlorides in the presence of {Pd(PLCN) 2012] gensaratss
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E-4-trimethylsilyl-5-chloro-1,4 -dienes with good Tegio- and
stereo-selectivity, being the product of formal trans-addition of the allyl
chlaride across the triple bond [691]. Silylmetalation of alkynes occurs in

the presence of [ML2C12] (M = Pd or Pi; L = R3P} {reaction (72)).
Regioselectivity depends on M’'X and L. (303) is favoured by more than 99:1
with M*X = MeMgX and cis-[Pt{PBua) 2C12], but (304} is the major product

(85 %) with M'X = F.tzAlCl and [Pd[P(2—MeC6H4J 3}2(312] as catalyst [692].

NPhMe, SiLi M/ Pd’ _-SiMePh
R—== z / / Y R ‘ + R (72}
21"
(303) (304)

The strictly cis-addition of DCN to alkenes in the presence of
[Pd(DIOP)zl may be contrasted with the reaction in the presence of
[Ni{P{(OPh) 3} 4] /ZnClz, in which rearrangement and isotopic exchange occur
[693]. Asymmetric addition of HCN to norbornene using [Fd{DIOF) 2] gives an
optical yield up to 24 %, but catalysis derived from diphosphine ligands
forming five-membered chelate rings are inactive [694].

Stereoselectivity in the reaction of ethyl diazoacetate with styrene
catalysed by Pd(OCOCH3)2 iz only 2:1 in Favour of the cis-cyclopropane [695].
Numerous catalysts were tested for the reaction of diene [30%) with NZCHCOOEL
Regioselectivity was very poor when [Pd(P‘hCN)2C12] was employed [696]. New
this year are iwo rteports of palladium catalysed rteactions of nitrenes,
derived from N,CO,R (R = Me or Et). N,CO,Me teacts with (306) to give
(307) and (308). The best catalyst for the formation of (307) is
[Pt(PhCN)2C12], giving 95 % of the desired material. Up to 24 % of the
aziridine is obtained with [Pd(PPh3J 4] [657,698] .
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jnf
(305) R =H, R = Me, Ph, Cl or OMe
R=Me, Ph, Cl or OMs, R’ = H
R R
n 1 R
Pd M
OMe + NyCOOMe — NCOOMe 4 €
Me COOMe
{(306) R = H or Me (307 (308)

Some palladium catalysed additions involve attack of a nucleophile on a
palladiurn alkene complex formed in atsu. Cyclisation of (309) is an example of

such a process, proceeding in 70 % vield [699].

N PEClz CuCly @\
)
70 °/, N
(30%)

1.9.5 [somertsation

PdClz, sapported om  various grafted copolymers, treated with
NaEBH4]/M00H, has been tested for activity in isomerisation and reduction of
allyl benzene. Activity depends strongly on the electron donor properties of
the grafted group [700]. Palladium on carbon gives only (311) on

isomerization/dshydrogenation of (310}, in contrast to other catalysts {701].
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(310) (31D

Isometisation of the allylamine (312) to the enamine (313) is achieved
in the presence of Pd[NOa] 2/PPh3, the product being used in a synthesis of
7-hydroxycitronellal [702] .

NEt, NEt,
%/J R-][NO3]?/pph3 >f
HG — HO —l—(CHZ';

(CHR3 : ;
NaOPh 150

15 h

(312) (313)

The allyl ester (314) is readily converted to (315} via cleavage of the
C-O bond to form an allyl, attack of carboxylate on coordinated alkene and

loss of [HPd{ally)} [703].
O [Pd(PPhyy] &
/\/\g/ P
(314) (315)

Reaction (73} involves a similar process, with attack on the
intermediate allyl by the more nucleophilic nitrogen atom [704] .
M (PhCN)ZCIZ] (M = Pd or Pt), amang many other species, catalyse the

opening of (316) to (317) in good yield. It is thought that the ester group



participates in the reaction, since the analogous alcohol gives a poor result,

with a mixture of products in low yields [705].

R

~gp

[Pd(PPhy), ) or

3
RCH=C R 5 RCH==C / (73)
>__0{\ (RI(PhCN),Cl ] > N
2

P
PA catalyst Ph
COOEL EE— CHewCHyCOOEL

MeO MeQ

(316} G1n

Reaction (74), of a silylated epoxide, gives an enone in good yield,
ring opening being accompanied by desilylation [706] .

0 \|
b R4 (OCOCH), A
N e
Rz SiMe

3

The ring opening of epiperoxides, such as (318), gives a2 mixtore of
products. Several pathways are proposed to account for this, some involving
Pd{I) and some Pd(II) [707].

OH
[Rd(PPho), ] §
— + +
H

OH

(3218)
39 4, trace 8 %,

155
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1.9.6 Hydrogenolysts

Pt(II} catalyses the acidic hydrogenolysis of alkyl halides and alcohols
in the preseace of Nal (reactions (75)-(78)) [708,70%9]. Na[HCOQ] may also act
as a reductant for ArBr in the presence of [Pd(PPh3)2Cl2] and a phase

transfer catalyst [710].

H+
ROH - RI (75)
I
RI + Pt(Il —— RPt(IV)I (76)
RPt(IVII + T° —— [RPL(ID] + I, a7
[REt(ID]” + H — > RH + Pt{UD (78)

Hydride is the source of the new hydrogen atom in the hydrogenolysis of
allyl derivatives, reactions (79) and {80} probably proceeding via w-allyl
complexes [711,712].

OCOCH,
BuSSnH
AtCH=CH-CH-R > AICH=CHCH,R (79)
[Pd (PPh,),]
R = H, CN or Ph
E-CH, (CH,) .CH=C LilBHE:,] ( (30)
-CH, (CH,) .CH=CHCH,OPh — 3 5 CH,(CH,) CH=CHCH 30
3(CHy¢ 2 (Pa(ePRy),] 1(CHY ¢ 3

mainly E

1.9.7 Atlyllic aubstitution

Once again the uses of the palladiom{0) catalysed nucleophilic
substitution of allyl derivatives have been prominent in synthetic reactions.
A  timely review focusses particularly on  the factors determining

regioselectivity of attack on the palladium allyl intermediates [713]. In the



presence of [Pd{PPh,) 4] the anion of 1-methyl-1-nitrosthane reacts with
varicus allyl derivatives, CH2-CHCH2X. reactivities being in the osder
X = OPh > OCOCH3 > OH [714,715].

Two cyclisation reactions ate worthy of note. (319) cyclises to the spirto
compound, (320), a precursor of dehydrohistrionicotoxin [716]. Cyclisation of
{321}, in the presence of a chiral palladium complex, gives the six-membered
ring (322) ({in conirast to many sarlier reactions which gave predominently

sight-membered ring products) in up to 48 % enantiomer excess [717].

IRI(PPhg), ]
—_—
OCOCH<
NH\t Nj
Ph Ph
(319) (326)
PhOCH, 0

\ PA(OCOCHS), COOMe
(CHylg TC H,CO0Me i P

(321) (322)
Organometailic nucleophiles have also beern prominent; both reactions

(81) [718] and {82) [719] procesd with excellent stereoselectivity. With an

epoxide as the substrate the stsreochemical integrity of the nacleophile is

maintained, but both product regioisomers wers formed in reaction (83) [720].

By
o A A
+ Bu
X

Al ME‘Z

(81)

X =203, OCOCH3, OAlMaz, OPO(OEz)z, OSiMe3 or OSiM32CM03

157
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OMe OMe

N [Pdldbal,] .
Br\/&/COOEt + Bu35n —__.___2_> MlOOEt
PPhy .
{82)
R R? [
Pd(PPhy),]
+ /\(01 _._._3___}
B(CH (CHy)CH(CH3),
1 2z
R R
y 2
4 R\%/\/\
+
“OH
(837

Reaction of potassium enoxyborates (from potassiuom enolates and EtsB)
with allyl derivatives gives o-allylated ketones with retention of enolate

regiochemistry and allyl geometry (reaction (84)) [721].

BE 13K cl 5
PPh
. )\\ IPePPhgl] (84)
a ¢y

Allyl silanes may act as precursors to allyl complexes, the reaction

being emantiospecific for chiral silanes [722].
1.9.8 Gridattve coupling of hydrocarbons
Onxidative coupling of hydrocarbons in the presence of palladium (I1) has

been reviewed [723]. Both 2,2’- and 2,3’ -isomers of bis(thiophene) are
obtained via slectrophilic additior of PA(II)} to the heterocyclic ring [724].
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Palladium (II) catalysed oxidation of arenes by T'l(OCOCF3J3 gives high
selsctivity for para-coupling [725) and Naz[SzOS] / 02 may also bs used as an
oxidant [726].

1.9.9 Coupling of carbanions with halides

Apgain this year the rangs of organometals and substrates used in
palladium catalysed couplings has been wide. Heteroaromatic halides are
sebstituted by (323) in excellent yield in the presence of [Pd(dppb) Cl2] (7271
and vinyl iodides rteact readily with MaBSiCHzMgCI or Mo3SiCH22.nCl using
[Pd(PPhs) 4] as catalyst [728]. Vinyl tellurides are also substituted, but
maintenance of stereochemistry iz somewhat variable [729]. Asymmetric coupling
of both Grignard reagents and organozine compounds with vinyl halides in the

pressnce of palledinm complexes of ferrocenyl aminophosphines has been

@\Mgar

e

reviewed [730].

(323}

Reactions of zinc derivatives of enol ethers were reported previously,
and this process has now beon extended to use allenic compounds (reaction
(85)} [731]. The catalysed reaction of zinc compounds with acyl halides has
been extended to include Reformatsky reagents [732]. Allenes are obtained in
1eaction (86) from organozinc halides and epoxides bearing an acetylenic
group; the product iz used in a synthésis of a metabolite from the Ffungus

Cortinsilus berkelepanus [733].
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OMe
/ Fd (O
+ Ar]l —— N
nCl R Ar

+

Hy0

_\B/Ar {85)

1) (R4(PPh )]
_l3

Me.Si-—==— =-——7n{l + ==
3 7
2) Hy0 *

0

MEBSI_E—— —_ ——

(86)

The range of tin containing nucleophiles has been extended to include
Bu SnNEtz, an N.Et2 group being transferred in coupling with ArBr in the
presence of [Pd{P{2-methylphenyl) 3} 2C12] [734] .

Two reactions of alkynyl copper compounds formed in situ are reported.
In one the substrate is an aryl halide (reaction (87)) [735], whilst the
other, more unusually, employs an allenyl bromide which reacts without
rearrangement (reaction (88)) [736). A vinyl copper compound is coupled to a
vinyl iodide (reaction (89)) to give a product with excellent stersaisomeric

purity (98.9 %) [737].

(-\O©/I [Pd (Pphg}ZCIZ]
+ R—== : :
n

(87

N= 3 or 4
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R, [Pd(PPhy), ] R1>=_j<H 8)
F-:CHBr + = —
2 Cul R2 \\
70-94% R
o 4 S g e PP (CHp)Me
55 /s
(89)

1.9.10 Oligomsrisation and telomerisation

Both [Pd(dmso),Cl,] and K[FPd({dmso)Cl,] supported on silica catalyse
eihene dimerisation [73%8]. Propene dimerisation was also studied [739].
Naz[Pd(tl -PhQPC6H4SO3)2C12] catalyses chloroprene emalsion polymerisation to
give soluble trans-1,4-polychloroprene [740].

Oligomerisation of butadiene in the presence of
Pd(OCOCHa)2/Et3N/Et3P/HCOOH gives 1,7-octadiens and 1,6-octadiens in the ratio
93:6. The highest selectivity is obtained for R,P:Pd > 1 for R = alkyl (741].

Reaction of butadiene with Et,NH in the presence of [Pt(PPha) 2Clz_'l/’T fah
gives the linear octadisnylamine in quantitative vield (rsaction (90)).
[Pd(PPh3) ‘} is a less satisfactory catalyst, giving a lower yield and 2
mixture of butenylamine products [742]. Telomerisation of isoprene with phenocl
[743] or amines [744] gives a complex mixture of prod.nci;s in the presence of

palladium complexes.

[Pt (PPh3),Cly]
N+ EtgNH > NTNTTNE,  (30)

TFAH 100,
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1.9.1! Other coupling reacticns

Once again, the work of Heck's group has been prominent in adding to the
range of coupling reactions of vinyl halides catalysed by palladium complexes.
Some applications, both from these workers and others, are shown in Scheme 20

[745-748] .
[(R4P},PA{OCOCHS;,]

Fh
\[f\ar +  Z7NC00Me > \]/\/\Cowe
EtqN

gr
FU[OCOCH3)2
\/OW + O > G]i/
N P(Z—MEC6H4)3
H

60 /s

Me{CHzi5 Q

[(MeCN) , FdCl, ] M)K
\ . /\B/ - Me(CH
i

. 5
55 , 3hr 81%

EE:EZ> 2041

Pd{OCOCH )
/\/\2 ¥ C2H4 + C}j 32 >

N P(2-MeCgHy)3 ,
H 5 fs

+

/\/\/\]/ + /\/\r%/
) O

84 s 11 o!‘c

Scheme 20 Heck reactions of vinyl halides [745-748]
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Some related reactions imvolve coupling of aryl halides with alkenes,
for example (91). The mechanism involves formation of ArPdX, followed by
addition across the carbon-carbon double bord and HPAX elimination {749].

0
[(PhyP), PA(OCOCH3]  Ph R
PRI + Ph/\)]\n ’ \f)\ﬂ/ (o)
o

Ph

An analogouz initial step is invoked ir reactions {92} and (93)
(750,7513 .

\ Ar
Pd
ArBr 4+ Zb {PAFBJZ!]
quf('O3]

A7

' (92)
Ph
+ PhNBr [FU(PPha)z,]
I = —Ph
K{OCOCHs)
r Ph—= 80" 8hr
(93)

Intramolecular coupling of an aryl halide to an arene occurs in reaction

(98 [752]. If one regards silicon as & metal, coupling of
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vinyltrimethylsilane with ary] halidss to yield styrene has featurss in common
with the reactions of Grignard reagents, but the two are probably not

mechanistically related [753].

Br
j@ Pd(OCC CHy)y X @ O (94)
0 NCI.Z{CO:;I; dma ()

R

R

The coupling of resaction (95) follows 2 somewhat unusual course,
yvielding a cyclopropane. In the intsrmediate, (324), sterecelectronic
considerations do not allow any easy g-hydride elimination {[754]. Another
unusual reaction involves (325); yields are low but the process requires the
addition of a C-I bond, activated only by an adjacent carbomyl, to Pd{0)
[755].

Br PdocCocC
R+ (PA(PPhal] + KIOCOCH;] —— R0 "3

R.r’
. g oPOtHy \é\H
PdOCOCH3
LA
{324)
RJ’

(85)
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i J/ fRY (F‘Ph3)4] ﬂ [’f\
o

Ph \Ph Ph
1476 23%

(325)

Some furthar data on the reaction of palladium trimethylens methane
complexes with alkenss bearing slectron withdrawing groups are reported {756].
An apparent 2n + 2v cycloaddition in the presence of [Pd(MesCN) 2C12] Followad
by loss of MeSCOH vields (327) from (326). Therinolygis in the absence of
catalyst yields only (328) [757].

+o
[(MeCN), PACl,) A
—_—

(327}
L&

|
5

/

S

(328)

Other reports of couplings are more scattered and Jess genegal.
Treatment of terminal allenes, RIRQC-C-CHT with Buli prasumably gives a
metallated derivative, which reacts with vinyl halides, RSX, in the presence
of Pd(0) to give Rll?.zvf:-C-CHR3 {758] . Ferrocenyl mercury compounds are
oxidatively coupled with acryloaitrile in the presence of Li2[PdCl4] (759].

Diaryliodonium salts, [(RC6H4) ZI]X, give biaryls in the pressnce of
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Za/[Pd (aca.c)z] , Yyields being excellent [760]. Treatment of ArCHCl2 with
[(ClMazsi} 2] gives rsactions {96) or (97) depending on the molar ratios [761].

[Pd(PPh,) ]
~*—=-—1/2ArCH~CHAr + 2Me,SiCl, (96}

&rCHCI2 + [(ClMezsi)z]

{Pd (PPh,) 4

ArCHC1, + 1/2[(CM025i}2} ———>> /2AtCHCICHClAr + MeZSiCIZ {97)

2

Treatment of {329) with Pd(OCOCH:;)2 under N2 gives a range of products,
all of which derive from a single electron transfer from palladium to give an

aryl radical cation, which dimerises with varying regioselsctivity {762].

+
NMEZ

Me
Pd (OCOCH3)y R N R
_} ——ﬁ
NaOCOCH ‘
R R R R
R Me
{329) R
RI
« O
COC

NMe,

P?e Mg

+ l

R@——N—N R’ R NMe,
R

Reaction of ethene with aroyl halides gives both decarbonylation and
coupling to give styrenes (18-60 %) and stilbenes 45 %} [763]. Acyl oxygen
fission and phenylation of (330) gives (331) as the main product. Addition of
Na[OCOCH3] increases the yield, and if benzoquinone iz added as a reoxidant,

the reaction becomes catalytic in palladium [764].
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Fd {0 COCF4)y P HO
Ao (O i

TFAH
Ph

(330) 331)

1.9.12 Other reactions catalysed by palladium and platinum complexes.

1

Dehydrogenation of N-hydroxy compounds R™CH,NR (OMR? to

1

RICH-N*(R%) -0~ occurs in the presence of palladium complexes, and RINHOH

is coupled, with H, and HZO loss, to R1N+(O-)-NR1 [765] .

Photolysis of hexane in the pressnce of Hz[PtCIG] vields a platinum (I1)
hexene complex, formed wiaa o-hexyl Pt(TV) intermediate [766] .
Dehydrodimerisation of BSHQ in the presence of Pt312 gives [1:2° (BSH8)2] in 92
% vyield without 1:1*- or 2:2'-isomers; the reaction mechanizm is unknown
{767]. Dehydrohalogenation of chloroalkenss occurs in the presance of
supporied palladivm complex catalysts [768] .

Reactions of iributyltin enolates {formed i¢n situ from enol ethanoates
and Bu,SnOMe) with vinyl halides ate catalysed by
[Pd {P (2-methylphenyl} ,} 2C12] , vielding allyl ketones in moderate yields
(renction (98)) [769). Coupling alto occurs with aryl halides, providing a

route for efficient «-phenylation of ketones [770].

OCOCH3
RZ 1 BU3 SnOMe

2 R*RPc =crBsr

3
R IPd (P (4-MeCgHy)3), 1 2)

Fluoride ion is known to have & high affinity for silicon, and iz often

ussd for the regeneration of esnolates from silyl enol ethors. Trestment of
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(3312) with BugsnF gives desilylation, but the presence of
[Pd{P(2-methylphenyl) 3} 2C121 congiderably accelerates the reaction, which is
very selective for the unhindered site [771]. Silyl enol ethers are among the

products of reaction (99}, which procesds via palladium oxallyls (772].

0SiMe,

’/\f\rM Bu35nF

>

0SiMeq
(332) 0
NYM{CHZ)'?/lK
0‘:3”\-‘1&\.j
0 0 05iMeq
Ph)\/ar + MeSiSiMey M ph/u\ + pro Xy (99)
36 s 64t

Substitution of heterocyclic halides by [CN]~ is facilitated by the
pressnce of [Pd(PPh3) 4] [7733.

The synthesis of trifluoromethyl substituted dihydrouracils such as
(333) is catalysed in rather variable vield by [Pd(PPha) 2C12] [774].
N,N-Dimethyl wuracil is readily nitrated by Na [N02] in the presence of

Pd (OCOCH3)2 [r75].

R
£F3 (Pd(PPhglyCly] CF3
, 2
% + RNHCONHR & ———— )\
0 N
Br |
Rf
(1331

Rsaction of diethylzinc with benzaldehyde in ths presence of chiral
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palladium complexes of camphorquinone dioxime gives 1-phenyl-l-propanc] in
40-60 T snantiomer excess [776].

A significant paper from Baeckvall's group gives further details of the
palladinm {I[) catalysed scetoxylation of dienes. Both cts- and
trans-1,4-disthanoates may be obtained from cyclic dienes by altering ClI° and
[CH3C00]_ concentrations. With moderately increased chloride ion concentration
cts-1,4-chlorosthanoates are formed [777].

The reaction between PhSP and styreme in the pressnce of Pd(OCOCH3}2 is
a complex one, yielding stilbens, PhCH-CHOCOCHg, thPOOH, PhPO(OH) 2
H3PO s and Ph3P-O. A new mechanism is propossd for this process, involving =z
cyclic mechanism for C-P cleavage in the coordination sphere of palladinm
[7781.

The role of palladiam in the curious coaversion of (334) to (335) is

unknown [779].
N pHeat [Pd(PEt3)Clp] Mezﬂs'j[ﬁ]i
SiMe, 1707 3‘92 SiMe,R
(334) (335)

Finally, palladium complexes of dppm are more active than their Pth or
dppe analogues in catalysis of the reaction of CO2 and EtOH in the preseance of
Et3N to yield CH4 and HCOOE: [571].

1.10 NON STOICHEIOMETRIC, BINARY AND TERNARY COMPOUNDS

PdGP disgsolves hydrogen to from am  interstitial solution  with
composition PdGPHO 15 at 1 atm., 298 K. The hydrogen solubility follows
Sieverts's Law at low H2 concentration, showing that H2 dizssociates in the

lattice {780] .
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The mixed valsnce compounds, MPt306 (M = Mn, Co, Zn or Mg)
are  isostructural, containing a rigid framework of planar {[PtO 4} and
octahedral {PtOG} groups with disordered cations. The {PtO,} units are stacked
with one-dimensional Pt-Pt interactions; NiPt305 is more distorted [781]. Bulk
magnetic susceptibility measurements show magnetic coupling along the linear
arrays. Electrical conductivily is also along the [PtO 4} stacks {782].

Lan3$4 is prepared from its eclements at 1125 K. X-ray powder and
neutron powder data suggest that it conforms with the ideal NaPt30 4 structural
type. A model involving [Rare earth (III)PA(ID) 3S 4t e’] is invoked to explain
the observation of metallic conductivity for the pressed powder of this first
example of z metallic platinum bronze [783].

The structure of temary alloys MPdS, (M = rare earth) have been
stadied. Those with M = Ho, Br, Tm, Lu and Sc all have the FezP structure
[784].

The compounds PrPt2 and other PrX2 species all crystallise in the M,g,Cu2
structure. Thers are eight Pr3+ ions per unit cell, occupying cubic sites in a
diamond lattice surrounded by platinum tetrahedra [785].

Stellae quadrangulas is the term proposed for a tetrahedron with a cap
on every face, or a central tetrahedron sharing all faces with tetrahedra.
X-ray data on GeSNaGPtB show that platinum atoms occupy the capping sites
[786] .

The spillover of isocyanate surface species on l:'t/SiC)2 was studied by IR

spectroscopy, showing that WCO migrates from Pt to 5i [787].
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