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6. PALLADIUM AND PLATINUM 
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This review covers the papers recorded in Chenrical Abstracts during 1980 up 

to and including Volume 93 Number 18. It thus effectively covers the period 

fran mid-1979 to mid-1980 with one or two earlier papers that v.ere slow to 

appear in Chemical Abstracts. 

The highlights of the year have included continual developments of our under- 

standing of the interaction of platinum(I1) cunplexes with polypeptides and 

nucleic acids as well as a study of the factors involved in the liberation of 

histamine by platinum(U) cunplexes used in the course of cancer therapy which 

gives rise to "platinosis" (Section 6.5.3). Manyplatinumandpalladium 

ccmpoundS are still being tested as potential drugs f&r cancer therapy, although 

many of the ligands involved are thenselves so rm_xh more toxic than amnonia 

and chloride that most are clearly unlikely to be successors to c~s-_[P~(NH~)~C~~] 

even if activity wzre significantly greater with respect to certain izumxrs. 
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Palladium(I) and platinum(I) chemistry has been developed significantly during 

the year. Although still very much in its infancy, our knowledge and under- 

standing of this area is beginning to open up and catalytically interesting species 

can be anticipated soon (see Section 6.6). A similar ccmnent applies to 

platinum(O)-carbonyl chenistry, where our understanding of the chemistry of the 

polynuclear cartony anions [Pt3(C0)6]n2- has taken a significant step foxmud. 

The preparation of [Pt~~(CO)22]4- takes us a long way towards a molecular species 

with less than one carbonyl ligand per metal atan as found on metal surfaces 

during heterogeneous catalysis (see Section 6.7.3). The systematic synthesis 

of heteropolynuclear complexes containing platinum and other transition metal 

atons linked through carbene and carbyne bridges will almost certainly yield 

exciting new catalytically active species (see Section 6.7.5). 

6.1 PLATINUA!(VI) 

PtF6 has been prepared by heating thoroughly-dried Pt sponge in an atmosphere 

of fluorine (Pt:F2 = 1:15) at 200 OC for several hours [I]_ The thermal 

decunposition of PtF6 is a useful method for preparing PtFr [l]. 

6.2 PALLADIUM(IV) AND PLATINUM(IV) 

6.2.1 Complexes with Group VIE3 Donor Ligands 

Nitrosyl salts of [pd~G]~- and [PtF~]2- have been prepared by either treating 

the metals with NOF and fluorine, or the metal fluorides with nitric oxide [2]. 

An X-ray diffraction study of [NHI,]~[P~F~] showd it to have the Kz[PtClh] 

antifluorite structure with Pt-F bonds of l-742(8) 1 133. A study of the 

electronic structures of Kz[PdX6] (X = F, Cl or Br) by XPES showed that 

substitution of F by Cl led to a decrease in the ionisation potential of all 

mlecular electron levels in the canplex; this effect was smaller on replacing 

Cl by Br [4] _ The enthalpy of formation of PtF+ is 40240 kJ ml 
-1 

and the 

dissociation energy of reaction (1) is 326+40 kJ ml-' [5]. The electron 

PtF,,-PtF2 + F2 (1) 

affinity of P~FI, is 5.11 eV [6]_ XeFz oxidises [Pt(NH3)+]C12 to trans- 

[Pt(NH~),,F2]C12 in the solid phase, but on dissolving the product in ethanenitrile 

it rearranges to tram-[Pt(N&) &12]F2, which on dissolving in water is claimed 

to fox-m bwNH3)ba3)21c12 171. 

When PtCL, is prepared fran platinum sheet or platinum black through H&C16, 

the rate at which the platinum dissolves is markedly accelerated if the etching 
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solution is saturated with chlorine. The optinnm chlorination tanperature is 

265 OC; PtC1,.1.48 Hz0 initially formed is fully dehydrated by heating at 220 OC. 

PtCL, itself starts to decompose above 290 OC forming PtC12, which then 

decanpcses above 490 OC to platinum metal [8]. The heats of formation of 

platinum chlorides [9] and the heat capacity of K2[PtC16] at low tenperatures 

[lo] have been reported_ The synthesis and study of the action of heat on a 

series of [AH]~[PIX&] (A = amine) cunplexes showed that the result of the action 

of heat depends upon the cation, reactions (2)-(4) [11,12]. Threeseriesof 

(2) 
A 
A = py or 4-Mepy 

w trans-[PtAIClc,] 

CAHI 2 CIwlri 1 A 
A = 4-toluidine 

) cis-[PtAzCls] A -&.a-\PtAtCla] (3) 

IA 
A = pip - cml2cptcLl 

solid solutions K2[(Pt/M)C1,] (M = Ke, OS or Ir) have been prepared and their 

spectroscopic and magnetic properties investigated 1131. A Franck-Condon 

analysis has been applied to platinum(IV) spectra 1141. =x1. "Cl and "Br, 

"Efr isotope shifts of 0.167 ppn per chlorin P and 0.028 pm per branjne isotope 

substitution are clearly resolved in the 86 bEk '%t NMR spectra of Naz[ptC16] 

and NapktEzr,] as well as in the mixed chloro-bm canplexes. Thisenables 

the nun&r of chlorine and branine ligands in mixed cunplexes to be counted 

fran the multiplet splitting patterns 1151. When [NI&]2[ptC16] is irradiated 

at 254 ran, FWL, is the sole platinum-containing product 1161. Speier's 

catalyst is used as a catalyst for the hydrosilylation of alkenes. It is 

prepared by dissolving H&WSX6.6H20 in isopropanol and has now been shown to 

contain H[P~(CJHG)C~X], formed by reaction (5), as the active hydrosilylation 

catalyst 1171. 

ZwtCllj .6H20 + 4bIe&H(OH) -[@'W&)Cl~I~] + (CH,)2c0 + 4HCl + 7&O 

2ECl 

1 
H[~GEfs)C1~1 

(5) 
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The low frequency vibrational spectra of Az[PtSrh] (A = K, [NM~~] or [N(CDs)b]) 

show new, and in sane cases sharp, bands being formed at low tmperature due to 

phase transitions breaking the antifluorite K2[PtCls]-type symnetry 1181. The 

literature ambiguity in the assigmnt of the vs mode of [PtSrs]2- is resolved, 

placing it at ~a. 130 cm-' 1181. bleasurenent of the mI NQR resonance frequency 

for the % to f transition in the antifluorite crystal [~~4]2[pt16] revealed 

the presence of a previously unknown structural phase transition in which the 

crystal symmetry is reduced fran cubic to orthorhanbic 1191. 

6.2.2 CompZexes with Croup Vii? Donor Ligands 

The preparation, structure and uses of the platinum group metal oxides have 

been reviewed 1201. Divalent transition metal and alkaline-earth metal (M) 

hydroxides of the type M[P~(oH)~] have been prepared, and used to prepare bIROa 

by heating; however, heating above 600 OC gives the metal. oxide together with 

platinum metal [Zl]. Single crystals of Pdo_lJd304 and NaxPt304 have been 

prepared and investigated by X-ray diffraction 1221. Thin films of PtO and 

ptOp have been prepared by reactive sputtering. By adjusting the deposition rate 

a new phase intermediate between PtO and Pt0~ can be formed 1231. 

Nan[Pd((3H)6] prepared by treating Naz[PdClG] with a 56% excess of sodium 

hydroxide, has been fully characterised and shorn to-be isostructurdl with 

K2[Pt(<YI),] 1241. Decomposition begins on heating at 170 OC and is canplete 

at 254 OC, yielding NazPdOs [24]. A vibrational study of IG[P~c~~CO(H/D)~I 

enabled force fields to be calculated [25]. Acid-dissociation constants of 

range of platinm(IV) aminc+halo-aqua canplexes have been reported [26,27]. 

X-ray diffraction and differential thml analysis have been used to study 

has 

a 

a 

series of [@W&L),] and [Pthle&L'] (L = acac, benzac, 4-imino-2-pentanone, 

hf'acac or pivaloyltrifluoroacetone; L' = Hz0 or py) cmplexes [28]. Quinaxoline- 

2-thione-4-one (1; HQ) is reported to form [P~Q~(H~o)Jc~~, in which the ligand 

is bound through nitrogen and sulphur to palladium(IV), and [P~(CJH)~]C~, in which 

it is bound through oxygen [29]. 

Platinum(N)-5-pyrazolone cunplexes with thiocyanate ligands involve Pt"-S 

bonding 1301. IWt~e~(Sbk)1~1, prepared fran Iptaze~l~[s~~l and Na[SMe]. is 
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tetrameric in chloroform solution and in the vapour phase; the totally synmetric 

Pt-S stretching vibration is observed at 126 cm-' 1311. [Ptb&X] (X = Cl, Br or 

I) react with MeB(CH2)nEMe (E = S or Se) to fom mnonuclear [PtXbk3&eE(CB2),ENe~] 

(n = 2 or 3) or dimclear [@t~bk~1~(&?~C~~Ehle)] (n = 1). in which bkED&EMe and 

the trio halides bridge between the tmo @Mea) groups 1321. These preparations 

require heating under reflux in benzene or chloroform when E = S, but take place 

at roau tenperature when E = Se. Dynamic NMB studies have yielded accurate 

energy data for sulphur and selenium pyramidal inversion in [P~xM~,CM(CR,)~EZCZ~] 

(n = 2 or 3). The energy of the intramolecular inversion, in which =Pt-'H 

coupling is retained, is 9-12 kJ rxr~l-~ higher at selenium than at sulphur 1331. 

The aein reason for this is thought to be the increase in s-character of the 

lone pair of electrons on the chalcqgen. There is no obvious dependence on 

halide, suggesting that the &s-influence of the halide is not pronounced. 

Oxidation of palladium(N) dithiolene canplexes. [Pd(S&R2121 (R = CMezH, Ph 

or C6H,,-4-GMe), yields ESB evidence for a palladium(V) species [34]. 

Piperazinebis(dithiocarbamate) (2) cunplexes of platinum(IV), PtL,+, with trm 

Me2N / H2N 
/ \ 

NH2 

(2) (3) (4) 

bidentate and tl%o monodentate ligands, have been prepared; palladium forns 

palladium(I1) cunplexes only 1351. Substituted thiosemicarbaside and thiosani- 

carbazone canplexes of palladium(N) and 3,4,5-pyridazinetrithiol cunplexes of 

platinum(IV) have been reported [36,37]. Tetramethylthiourea (3) reacts with 

[PtclJ2- to form a platinum(IV) derivative; less substituted thioureas, 

Me H n 4_,N2CS (n = O-3), form initial platinum(N) complexes which are then 

reduced to platinum(I1) at the expense of the thiourea which is oxidised to 

formamidine disulphide (4) or its corresponding methyl derivatives [38]. 

High pressur e phase transition studies of Pd,_,MzSe2 (M = Ni, Co or Bu) have 

been reported [39]. 

6.2.3 CornPZexes with Group VB Donor Ligands 

Fac-[Pth!e,(H20>3]2[S0,] reacts with sodium theophyllinate, Na[thp] (5) to 

give [@tbfe3(thp)J3] after dehydration. This has a cyclic structure with 

Pt-N(7), N(9)-Pt bridges and weak direct O(6)-Pt bonds [40]. The three 

geaaetric isaners of [lW&X(gly)H;?O] with the tie methyls and the halide in 

a facial arranganent have all been prepared 1411. Their reactions with sodium 
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0 

I 
CH3 

hydroxide, sodium bromide and 3,5-Me~py are largely controlled by the high awns- 

effects of the methyl ligands, although slower reactions cis to the mathyl groups 

also occur 1411. The three isaners react with sodium glycinate to foxm his- and 

trLs-glycinate cunplexes according to the following rules [42]: 

(i) Hz0 tram to methyl is displaced by glycinate I/. 

(ii) If excess glycihate is used the glycinate 0 coordinated tram to 

methyl in a chelate ring my be displaced by glycinate N. 

(iii) Groups coordinated cis to methyl are not displaced at roan temperature. 

(iv) Glycinate 0 coordinated tram to aethyl in [Ptbfez(gly)z] is susceptible 

to attack by hydroxide ions or glycinate N. 

The l- and dl-methionine (HL) canplexes [Pt(HL)C14].H20 and [pt~l~], prepared 

by reactions (6) and (7) involve bidentate N,S and tridentate coordination 

(6) 

[Pt(HL)Cl~].H20 + NaCH *[PtLC131. +NaCl + 2HzO (7). 

through N,S and carboxylate, respectively 1431. 3,3'-dimethylbenzidine, 

3,3'-dimethoxybekidine and 2,2'-biquinoline form 1:l canplexes on reaction with 

[Ptc1J2- 1443. Oxidation of [P~(TIP)] with Hz02 in acidic solution followzd 

by treatment with HCl yields [pt(Tt'~)Cl~] which is thermally stable up to 200 OC. 

Electrochemical reduction yields [P~(TIP)] in a kc-electron step. The 

platinum to porphine n-back donation decreases on oxidation fran platinum(II), 

but does not cunpletely disappear [45]. 

A platinum(IV) complex, tho'ught to be an intermediate in transne tallation 

reactions between platinum(I1) and tnarcury(II), has been isolated using 

reaction (8). It has been characterised by X-ray diffraction, which shows a 

Pt'"-Hg bond length of 2.513(l) 1 [46]. When the trams-platinum(I1) starting 

cunplex is used, an unstable platinmn(IV)-aw-cur-y intermediate is formed which 

eliminates mercury metal to form a mixture of cis-C,tmns-X- and trans-C,cis-N- 

kt(2-C6H~CH2Nbk2)2(02CMe)2] 1461. Platinum(IV) cunplexes of the pentacooxdinated 
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(8) 

2,6-dipicolinic acid hydrazide and N,N'-dibenzylidene dipicolinic acid hydrazide 

1471, as well as of a number of substituted indazoles [48], have been 

characterised. The acidic properties of trans-tetraami neandpentaamineccmplexes 

of platinum(IV) with 1,2-diaminoethane, pyridine or ammonia ligands have been 

determined and shown to support Grinberg's hypothesis of amine dissociation 

1493. 'Ihe rate of oxidation of rPtLJ2+ (L = @I or RNH2; R = H, Me, Et or Pr) 

by iron(III), which involves two successive one-electron oxidations, decreases 

in the presence of iron(I1) [50]. 

K2[PdAs2], which has been prepared fran its elements, forms infinite PdAsz 

zig-zag ribbons and conforms to a filament [51]. 

6.2.4 Complexes with Group IVB Donor Ligands 

A plati.num(IV)-naphtbalene cunplex has been prepared by treating H2PtC16 with 

naphthalene in aqueous trifluoroethanoic acid 1521. !lhecrystalstructureskws 

that [H~O][P~(CNHP)CL(H~O)] contains a platinum-carbon u-bond. This type of 
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cuupod is believed to be an intermediate in H/D exchange for aranatic cmpounds, 

catalysed by H2PtCls. Ascaminglascrhasbeeausedto reactelectron-beam- 

deposited palladium and platinum thin films with single-crystal silicon substrates 

[53]. A single laser scan reacts 1300 A of pdlladim with silicon to fom either 

PclzSi or PdSi, depending on the laser pmver; platinum foxms superconducting 

PtnSi3. PtzSi and PtSi films on silicon have been prepared by depositing thin 

platinum films under ultra-high vacuum in the complete absence of oxygen [54]. 

6.3 PALUDIUM AND PLATIN'LM ooMpLExEs WITH MIXED (IV/II) OXIDATICN STATES 

Thecrystal andmlecularstructuresof anumberofcunplexee containing 

linear chains of alternating platinum(IV) and platinum(I1) have been determined 

and the results are sumnarised below ip = r(PtlV-X)/r(Ptll-X)l: 

IPt(en)21[Pt(en)2C1211~C1411, 1551 

IPt(en)211Pt(en)2Br2l~ClO~l~ 1561 

bWl,2-w)21 bWl,2-pn)2L11r 1561 

~~(l,~pn)~l~Pt(l,3-pn)~C1~lIBF~l~ 1571 

1~(1,3-pn)2lCPt(l,3-pn)2Br2l~C1041~ [571 

~pt(l,3-pn)21CPt(l,3-pn)2BrzlC~~l5 1571 

r(PP-cl) 
r(Pt’l-cl) 

P 

r(Pt'"-Br) 

r(Pt I1-E%r) 

P 

r(Pt '"-I) 

r(PtII-I) 

P 

r(PEc1) 

r(PEc1) 

P 

r(Pt 'I-B,) 

r(Pt'"-Br) 

P 

r(Pt II-B,) 

r(Pt'"-Br) 

P 

2.328(8) A 

2.937(9) II 

0.80 

2.71(2) ii 

2.76(2) A 

0.98 

2.815(2) d 

2.995(2) A 

0.94 

2.299(6) f 

3.096(6) i 

0.74 

2.546(7) ii 

2.955(7) ii 

0.86 

2_54l(5) A 

2.921(5) SL 

0.87 

Since p wuld have a value of unity if the platinum atans both had the same 

oxidation states, it is apparent that the oxidation states are least different 

with the highly polarisable iodide ligands, and are uost different when chloride 
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ligands are present. [Pt(EtNHp)4][Pt(EtNH~)4Br2]Brl. has a Ptll...Br-PtlV chain 

with tm half-occupied brcmide positions. Thebromidesareorderedone- 

dimensionally but disordered three dimensionally, in that neighbouring chains 

have alternate Pt-Br distances of PI? -Br 2.284(7) and 2.684(6) 8, and Pt"-Br 

3.811(7) It and 3.411(6) f '[58]. Polarised Raman and resonance Raman studies 

cf [JI(en)2][M(en)2X2][C10c]4 (M = Pd or Pt; X = Cl or Br), N~[ML&][~!&] (N' = 

K or [NH,]; M = Pd or Pt; L = NH3 or pyr; X = Cl, Br or I) and 

Cs2[Pt(N02)(NH~)Br2][Pt(NO~)(NH3,Br,l show a strong resonance enhancement of 

the X-&I'"-X symmetric stretching vibration in the chain. Analysis shorn the 

metals are coupled through electron-transfer via the halide ions fran the d,' 

orbitals of the lower to the higher oxidation state metal ions [59-621. Treat- 

ment of [Pt(NH3),,]Clp with KZ[PtC16] yields the blagnus' Green salt extrinsically 

doped with about 0.5 mol per cent of Pt3+, which are charge compensated by inter- 

stitialchlorideions and give rise to semi-conducting properties [63]. 

Pulsed '%t NMR has been used to determine the spin-spin (Tt) and spin- 

lattice (?'I) relaxation times in K2[Pt(CN)4Bro_30 ].3.2~~0 between 4 and 130 K 

[64]. A "spin-lattice" model that anphasises the importance of site II water 

molecules lying between bromide and [pt<C~),]~- ions has been proposed to solve 

the puzzling problem of the apparent ccmplete softening of shear &ulus CS~ in 

K2[Pt(CW,Bro 30 ].3.2H20, without any structural phase transition at low 

temperatures [65]. The products obtained by recrystallising h12[Pt(CN)4Cl, 3].3Hz0 

(M = NH,, or K) from acidic chloride solutions are isamrphous with the original 

ccmpounds, but contain extra chloride ions and protons in the lattice; these 

extra ions result in only small changes in the electrical conduction properties 

1661. The EPR linewidth in K2[Pt(CN)4&,, 3. ].3H20 is proportional to the cube 

of the absolute temperature in the range 100-219 K, and has an anisotropy with 

a minimm nearly at an angle of the magnetic field of 5U" fran the c-axis [67]. 

These results have been interpreted as a superposition of the spin-phonon and 

spin-spin relaxation component in a qzmsi-onedimensional conductor, within the 

framamrk of the mixed-valence mdel. The crystal structures of 

K i &t(CW4].1.5H20 and K, e [Pt(C204),].l.2H20 have been reported [68]. 

6.4 PALLADIUM(III) AND PL4TINLM(III) 

Platinum(II1) ethanoate, [Pt2(0&&)61, which has a Pt-Pt bond, is formed in 

Wm yield when Kz[Pt(OH)6] is treated with 85% methanoic acid in hot glacial 

ethanoic acid 1693. Use of excess methanoic acid gave [Pt2(OzCMe)5]. The 

peroxo-bridged platinum(II1) cmplex [~~~(o~)~(cH)~~.YzK[Hso,~ can be prepared 
by heating Kz[Pt(NOz)b] in sulphuric acid at 100-120 OC. After removing the 

precipitate of K*[H30][Pt2(SOr)s(OH)(H20)], the solution is evaporated until 

sulphuric acid vapour appears, and the residue then dissolved in propanone to 
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yield IP~~(O~)~(CW~I .~KE% 1701. Platinum(II1) phosphates have been reported. 

Thus, when cis- or tram-[P~(NH~)z(NOZ)Z] are treated with phosphoric acid at 

100 OC, brown, green and blue precipitates with canpositions close to 

[MI~]~[H~(P~~(w~)~(H~o)~)] are formed, which contain pt III_ptIII bonds [71]. 

Photolysis of Pd"-doped silver branide single crystals at liquid nitrogen 

temperatures produces a trapped-hole centre, rPd9r6]3-, and a trapped-electron 

centre, [PdBre]'- 1721. 

A range of "platinum blues" have been investigated. Platinum blues formed by 

reaction of oxamic acid (HzL; H ooca3MI~) with K2[PtC12] or K2[Pt(N02)4] have 

formulae K1[PtICll], involving one platinum(III), and K,ptsL3(HL)2(MI)~(N02)4, 

with three platinum(I1) and one platinum(II1) atans 1733. The platinum blue 

formed by reaction between K2[PtCls] and acetamide in water has the fomla 

[Pt(b&CXNH)2Cl] [74,74a]. Platinum blues involving pyrimidine nucleotides, 

trtithylacetamide, thymine, cytidine, cytosine and oxamic acid have been reported 

[75-803. b&my of these are oliganeric conpounds of variable chain length, in 

which sane platinum atons are in the +3 oxidation state. 

6.5 PALLADIUM(II) AND PLATINLM(I1) 

6.5.1 Complexes tith Group VIIB Donor Ligands 

High pressure cubic PdF2 is stable at 60 kbar and metastable at normal 

pressure; it is antiferranagnetic with weak overlapped ferranagnetism [Sl]. 

A fluorite-type form of PdFz with a W-F distance of 2.16 d can be obtained 

fran the z-utile-type at 25 OC and 50 kbar followxi by quenching at roan 

conditions; the change in volume is 11 B relative to the-x-utile form [82]. 

Fluorite+type PdF2 has a resistivity of 10' R.cm under roan conditions, 10' 

lower than the x-utile form. The enthalpy of fox-nation of PtF2 is SO+40 W mol-', 

and the dissociation energy with formation of platinum metal and fluorine is 

644k40 kJ mol-' [5]. 

A large scale laboratory preparation of 99-s purity PtC12 fran platinum 

involves the intermediate formation of PtC12 and its reduction with hydrazine 

[83]. [(bkaXb!en)2H]2[Pd&16] is formed when palladium and copper powders are 

heated in the presence of dma and carbon tetrachloride for 8 h at 50 OC [84]. 

When palladium or platinum are treated with S2C12, both chlorides and sulphides 

are formed initially. The sulphides are converted to the chlorides under the 

action of &Cl2 in the later stages [85]. 

A study of the chloropalladium(I1) species present in aqueous solutions over 

a range of Pd:Cl ratios showed that only monaneric species were present [86]. 

A reevaluation of the four stepwise palladia-chloride stability constants 

in aqueous perchlorate solution at 25 OC agreed with previous literature values 
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to within 0.1 log units [WI. A study 1881 of the effect of temperature on the 

standard potential of the Pd2+/Pdh system in 1 M perchloric acid show& that 

E0 
Pd2+/Pd, 

is described by equation (9), and that the fomation constants for 

E0 
Pd2+/Pd 

= 0.932 - 0_00028(T - 298) volts 
k 

Pd2+ +4C1- W [PdClb]'-, log K = 5.68 + 1245.90/T (10) 

Pd2+ +4Br- W (PdBrc,]2-, log K = 3.56 + 2863.39/T (11) 

[PdC1b]2- and rPdBrki2- are given by equations (10) and (ll), respectively. 

A single crystal X-ray diffraction structure of [dienBs]2[PdClr]Clc, showed 

that bond distances were normal [89]_ An SCF-Xa calculation yielded binding 

energies that gave a reasonable interpretation of the XETS spectrum of [FtCh12-; 

the relative energies of the d-orbitals wzre dz+2 > dw > dz.,dyz > dzz 1901. 

The rescnance F&man spectra of PdAlnCle and Pd41pBre sho&ed three high,intensity, 

polarised bands which were attributed to the vibrational modes of the complex 

associated with the pa.l.ladi~~~~ aton 1911. 

The photochemistry of transition metal complexes has been reviewed [92]. 

Irradiation of [Nk,]~[PtCl~] yields both PtC12 and [pt(NH3)1,]C12 [16]. The 

electronic structures of the excited states involved in the photochemical 

substitution of [ptC14]2- and [Pt(C2H4)C13]- with water, calculated by Adamson's 

method, agree well with the experimental results 1931. Both K[Pt(C2H~)Cls] and 

K[Pt(dmso)C13] catalyse the aquation of [FtC1k]2-; reactions (12)-(14) are 

believed to describe the mechanisn for this [94]: 

[ptxlx]- + Hz0 :L =z;f’ Ora [Pt~1,(H20)] + cl- (12) 

[PtIc1*(11,0)1 + [Ftc1,12- = [LC12FtClPtC13]2- + Hz0 (13) 

bx12PtclPtc13]2- L-- [ptL131~]- + [Pt(H20)C13]- (14) 

The nsI fksbauer spectra of a number of palladia and platinum(I1) 

complexes have been recorded 1951. The spectra suggest that the c&-influence 

is of conparable magnitude but opposite direction to the trans-influence, but 

neither effect in &ssbauer spectroscopy is directly related to conventional 

CiS- and trans-influences. In b6ssbauer spectroscopy, the effect is related 

to the charge on the iodide ligand and as such gives a measure of polarising 

effects, which is useful in haqqeneous catalysis since substrate polarisation 

can influence the availability of low energy reaction pathways [95]. The thermal 

iscmerisation of palla&ium(II) and platinum(I1) is claimed to occur in such a 
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direction as to place a neutral., low truns-effect 'indicator' liganci opposite 

the other ligand with the least trans-effect [96]. mI NQR has beenusedto 

following the thermal isanerisation of [Pt(amine)212] czxnplexes [97]. 

T-rilanrylamine, triphenylphosphine, trioctylphosphine oxide and tetramethyl- 

diamide heptylphosphate have been used to extract palladium fran aqueous 

hydrochloric acid solutions [98-1011. 

6.5.2 CompZexes with Group VIB Donor Ligands 

6.5.2.1 Complexes &th Unidentate Oxygen Donors 

The electronic structure of PdO has been investigated using XPFS and HVI%S 

photoemission studies [102]. Treatmsnt of [M(dppe)Clt] (M = Pd or Pt) with 

one equivalent of silver(I) perchlorate in dmf yields oxygen-bonded 

[M(dppe)(dmf)Cl][ClO+]; weaker oxygen-donors such as alcohols. ethers and 

propanone result in dimeric [(M(dppe)Cl}z][CIOI,]~ being formed [103]. Treatment 

of [Pd(dp.pe)C12] with hw equivalents of silver(I) perchlorate in the presence 

of oxygen donor solvents led to the isolation of [Pd(dppc)(solvent)2][C104]~ 

(where solvent = propanone or water) Il041. When the solvent is hIeOH, Etch or 

thf, the [Pd(dppe)(solvent)2]2+canplexesare stable in solution, but on 

attempted isolation the ethanol canplex deoanpos es to give palladium metal and 

acetaldehyde, whereas the methanol and tetrahydrofnran caaplexes lose solvent 

to form the his-perchlorato canplex [Pd(dppc)(OC103)2]. This latter cuqlex 

is formed directly if the reaction is perfornsd in dichloranethane-benzene 

solution. The perchlorate ligands are readily displaced by solvent ligands 

to form [Pd(dppe)(solvent)z][C104]2 in more donor solvents. The propanone 

ccmplex [Pd(dppe)(MezWz][ClO ] Ir 2 is very sensitive to moisture, readily forming 

the his-aqua cunplex 11041. A study of equilibrinm (15) showed that, with 

r_Pt*ClI,(PPr9)21 + 2solvent a 2trans-[PtC12(PPr,)(solvent) J (15) 

oxygen donor solvents, the position of the equilibrium lay increasingly to the 

left as the solvent was varied in the order Hz0 < M&H < cyclopentanone < 

Me$O c< MeCHO, PhCHO < PhCOPh [105]. Acid dissociation constants of aqua 

ligands in [M(H~o)~(NO~)~~, [M(H20)2(NOz)s]- CM = Pd or Pt) and [Pt(NH3)2L(H20)]2+ 

(L = Et$SO, PrSO, (CH,),SO, thiophane or thioxane) have been reported [106,lW]. 

In addition to the perchlorato complex mentioned above [Ph(PPhx)a(OCIOs)(C&ls)l 

has been prepared by chloride abstraction with silver(I) perchlorate in benzene 

11081; the perchlorato ligand is readily displaced by many ligands including 

ethanoate. Perchlorate and hexafluorophosphate bridged dinuclear canplexes 

[(Pd(Pph,)X(L)12] (X = C104 or PFs; L = Z,4-C12py), have been characterised 

[log]. When trams-[W(NH~)~(NOX)~] is heated in 8pI phosphoric acid until the 
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solution becanes deep green, then cooled to rocm temperature and a 5.7 fold 

excess of ethanol added, green H7[PdL(FOI,)~(NHs)6] is Precipitated; if addition 

of ethanol is preceeded by cooling to 0 'C, the precipitate obtained is yellow 

H7[pdC(FQ,,)5(NH3)6] which has a different degree of pelymerisation rllO]- When 

trads- [pd(NH3)2(N02)2] is heated at 40-50 'C in aqueous sulphuric acid until 

loss of nitrogen oxides has ceased, 

~H~O][MI~I[(SO~)P~(N~)~(~~)~(~~)~(~~)P~(~~)~(~~)I~+ with tlm bridging 

and two terminal sulphates is formed [llll. 
Peroxidation of [ptL2(CF~)(m)] with HZOZ yields kt~z(c~3)(~)1, (L = Irdppe, 

~Ph&IMIIPPh~ or PPhz?Je) 11121. The methoxy-bridged canplexes (6) and (71, 

Et,P, /“\ ,PEt, 

(6) 

(7) 

have been prepared by treating the corresponding chloride-bridged complexes with 

methanolic sodium hydroxide [113,114]. Na[OR] (R = H or CH3) reacts with 

[PtL~Cl.R'] (L = Idppe, PPhz; R' = CR&N, CT3 or MICFB) to fom cis- and trcms- 

[P~Lz(CR)R'], which undergo facile insertion of CO, CCS, C& or So2 into the 

Pt-0 bonds [115]. The hydroxo canplexes react with a variety of acids, 

including fairly weak carbon or nitrogen acids, such as phenylethyne, acetamide 



333 

and methylaniline to give the corresponding condensation complexes. In the 

activation of molecular hydrogen by [Pd(PHs)zXY] (X, Y = OzCbIe, OH or Cl) 

ccxxdination of dihydrogen is realised by electron density transfer fran the la 

MD of hydrogen to the 5Pz orbital of palladium. TheH-Hbondbecmespolarised 

by interaction with the coordinated acidato ligands, mre so in oxygen- 

containing than in chloride canplexes, so that the former are more effective 

at pronoting H-H bond cleavage [116]. 

Carboxylate bridged palladium(II)-thallium(II1) canplexes, (a), are formed 

\ 

/ 

0’ Lo - 
/ 

\ 
O\ HO’ \ 

R-C\O,Pd\O,C-R 

(8) 

in reactions (16) and (17) [ll?]. Trrms-[Pd(PPhB)(OzCbIe)(COO~!e)] has a 

unidentate ethanoate ligand, with a Pd-0 bond length of 2.116(3) A [118]. 

% [iPd(ODOz)31 + TliOzm 1s -IPcf-wozcR)zioz~’ >,I (16) 

[PdTl(OzChle)s] + 5RxOIi- [PdTl(OzCR>51 + s&CCcEI (17) 
(excess) 

Reaction of [Pd(PR~)~Me2] with carbon dioxide in the presence of amines yields 

the carbamatopalladium(I1) canplexes [Pd(PRs)zbIe(02CNR'R")], (R', R” = H, alkyl 

or phenyl). When [Pd(PPho)zMe(OzCNHt)] is heated in toluene solution, the 

bridged carbonate palladium(I1) cunplex [Pdl(PPhs)sMez(u-COJ)] is fonuad [llS]. 

KZ[PtC14] reacts with sodium phenylsulphonate and pyridine to form 

[~t(~h302)2(py)2] which, when dissolved in sulphuric acid solution, slowly 

precipitates [Pt(PhE%)~(H20)2]. During potentianetric titration of 

[M(P~SOZ)Z(HZO)Z] (bI = Pd or Pt), polymerisation occurs with formation of 

Kz[EM(Ph=z)z(u-=))z] c1201. The aqua ligands in [bl(Ph302)2(H20>2] have heen 

replaced by the bidentate thioether ligands, (CH2SCH2co(3H)2 and Et3CH2CH#CH2~ 

[1213. (9; Ii+) reacts with palladium(I1) canplexes to form Na[PdC12(Hz0)(HrL)].Hz0 

and Naz[W(RL)2].H20 [122]. The reaction of [Pt(PPh3),,] with tetrasulphur 

tetraimide in propanone-benzene solution has now been shoxn [123] to yield 
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SO3H 

(9) 

cis-[Pt(PPh3)2(C6NR)2], with Pt-0 bonds of 2.088(12) and 2.173(11) A, and not 

[Pt(PPha)t(SzNzHz)] as first thought [124]. 

6.5.2.2 Complexes tith Muttidentate Oqgen Donors 

X-ray diffraction studies of [~t(acac)~] and [Pd<acac)+].tetrathiafulvalene 

have yielded IT-0 and Pd-0 bond lengths of l-991(8) and 1.98 t respectively 

[125,126]. The crystal structure of [lM(aca~)(EtN&)~][acac] shows Pd-0 and 

Pd-N bond lengths of 2.000(3) and 2.044(3) & respectively Cl271. C~~aca.c)~1 
(N = Pd or Pt) react with Tertiary phosphines in hexane solution at ram 

tmperature to form air-stable squaxe-pyramidal [M(PRa)(hfacac)2] cunplexes. 

Crystal structures of IXJ of these cunplexes, <lo), have been determined and 

(N = Pd, R = 2-tolyl) (N = Pt, R =.cych) 

a 2.253(2) A 2.230(4) t 

b 2.797(6) 23. 2.794(13) H 

c 2.017(5) A l-988(9) t 

d 2.084(6) A 

e 2.001(6) 1 

2.098(10) d 

l-984(10) H 

they reveal that the apical oxygen is only very weakly bonded. Consistent with 

this, the cauplexes are stereochenically non-rigid in solution. In the platinum 

canplex, site exchange between the oxygeh tram to phosphorus and the apical 

oxygen occurs by a twist mechanism, whereas for the palladium canplex it is the 

oxygen cis to phosphorus that exchanges with the apical oxygen, again by a 

twist mechanism 11283. [bl(acac)(y-acac)(pPh,)], (M = Pd or Pt), react with 

B-dicarbmyl compounds, Rdik, to give one of three types of cmpound. Dimethyl- 

malonate or methyl or ethylacetoacetate yield [M(acac)(y-dik)(PPhs)] exclusively, 

whereas dibeozoylmethane yields [M(dik)(y-acac)(PPhB)] exclusively, and bemoyl- 

acetone yields a mixture of [M(dik)(y-dik)(PPh,)] and [M(dik>(y-acac)(PPh3)]. 

The selectivity depends on the keto-enol character of the @-dicerbony ccmpounds 
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[129]. The photoelectron spectra of [M(acac)21 and CMOde$XEH$XCChle~)~1 01 = 

Pd or Pt) confirm the covalent nature of the MX) bonding 11301. Canplexes of 

palladium(I1) and platinum(I1) with malonaldehyde or dithianalonaldehyde 

IM~c&(~)~~~I, <E = 0 or S) have been prepared; thus hydrolysis of 

(EtO)&iXX2CH(OEX)~ in aqueous hydrochloric acid, neutralisation and treatment 

with PdCL yielded (11) in 50% yield [131]. A photothernxgraphic study of 

J=“\pd/o-Nt, \ 
i.- I> Lo/ \,_: 

(11) 

palladium(I1) malonato complexes shows then to he less sensitive than the 

corresponding oxalate cunpounds [132]. The stability constants of cunplex 

formation of palladium(I1) with biuret, NH2CCNHCXNH2, have been determined by 

pH titration 11333. A palladium pyrazolonate canplex in which the ligand, <is), 

(12) 

isboundthroughtwoPd-Otxx&is fomedwhenpalladium(II) is extracted fran 

aqueousPdc1~ solution with 1-phenyl-3-nxethyl-4-benzoyl-pyrazolen-Sane [134]. 

(13) and (14) react with palladium(II) and platinum(I1) to form cunplexes in 

- 
(M = Pd or Pt) R 

Ph3P\ /O 

PhP"\O 

(18) 

3 

(13; R = COOH, CH2COOH, CH2CH2COOH) 

which the two hydroxyl groups act as the donor groups reactions (18) and (19); 

formally the palladium in (15) is in the +3 oxidation state [135,136]. 2,5- 

dihydrobenzoic acid, HL, forms PdL2 [137]. An efficient route for preparing 
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bWH20),12+ + 
OH H,O 

CBU~I COHI * 

OH 

rBu4Ni 

(19) 

1 

(1% 

highly soluble anti-tunmw plati.num(II) cunplexes, reaction (201, uses silver 

sulphate as a reagent to rmve halide ligands; previously the nitrate has been 

cis-CPt(NH3)*123 + AgnmJ- cis-[Pt(MIs)2(0BI2)2l[SOrl + ZAgI 

I 

Ba2’< 4 coo- ) 
COO- (20) 

cis-[Pt(NH+(+O)] + B-4 
COO 

used but this gives subsequent separation problm [138]. 

6.5.2.3 Complexes with blult-identate Oqgen-Nitrogen Donor Ligands 

The canplexes foxmed by a number of bidentate and multidentate oxygen-nitrogen 

donor ligands, <16)-(23) have been investigated [I%-1451. In (21; R = Ph), 

CH=N-NHCONH2 
<IS; R = 2-pyridyl or 2-thlazolyl) <lS> 

conjugation with the aranatic ring results in the pallacli~~~ azrnplex, (24). having 

a k&o&Be stxuctu.re rather than the normal Schiff base form, (25>, that is 

found for (21; R = Ii or Me) [143]. A cunplex related to (25) has been Prep-, 



RCH=NNHCONH=CHR’ 

(19) 

R,R’= a0” or a0” 

(24) 

N=CH OH 

(25) 

as shown in reaction (21) [146]. The {O^'*N%} tridentate ligand, (261, ws 

synthesised as in reaction (22) and used to prepare a series of platinum(II) 

cmplexes by reaction (23). Values of J(%t- "N) increase and 6 "N decrease 

as the tram-influence of the tram+ligand L decreases in the order py > 

aliphatic amine > cknso > AS& > PRa 11471. Aseries of palladium(I1) cunplexes 

of (FIOOCCH2)2NM2~*N(~2~)C~~~N(~~~)2 or trans-1,2_cyclohexanediamine 

tetraacetic acid (H,,L) have been prepared, the latter according to Schsne I 

c148,1491. An X-ray structure has confirmed the tridentate coordination of 

&hyclroxyethylimincdiacetic acid in (27) [150]. The M-N u- and ~-bonds in 

bis(8-hydroxyquinoline) palladium(i1) and platinum(I1) canplexes are stronger than 

in the bis-R-mercaptoquinoline cunplexes; the M-S bonds are stronger than the 

M-O bonds [1513. The ground state absorption of [Pt(S-hydroxyquinolato)2] is 

very solvent dependent. whereas the solvent dependence of the luminescent life- 

time is small [152]. 
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Pd (OAc) 2 + 

Ph 

CH2-CH2 

a = 1 OH + H215NCH2CH20H- 

CHO 

(26) 

<26) + K2[PtC14] + dmso- 
O\ P- %Me2 

.5NAPt\ ( 
-1 

0 

L 

(22) 

1 

. 
[ 1 O\ /L [ ENyPt\ (23) 

-O 

(21) 
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K2[PdCl,,] + K2[H2L] pH2 *[Pd(HzL)].H20 

heat in aq. HCl 

/\ 

1:l cl1 1:2 
CsCl in Hz0 

[Pd(HrL)C12].2&0.2HC1 Cs[Pd(HL)].H20 + HCl 

dissolve in 1:5 aq. HCl 

t 

[Pd(H4L>C12] .4H20.2HCl 

SCHEME1 

BrY YO-C< 

okPd\N/CH2 

>C CHj \CH2CH20H 
o/- 2 

(27) 

a 2.434(2) A 

b 2.023(6) d 

c 2.003(7) H 

d 2.004(7) I( 

6.5.2.4 CompZexss with Bidentate Oxygen-Phosphorus Donor Liganab 

The canplexes formed by Potentially bidentate oxygen-phosphorus donor 

ligands, (281, have been reviewed [1531. P(CXes)2(CH200R) prepared as in 

(28; X = COOH, CHO. OCHB or OH) 

reaction (24) folns trans-~M=l~~P(cMe~)~(cH~ooR>32] (M = Pd or Pt) in which the 

phosphine is mnodentate. However treatment with sodium 2athoxyethoxide 
, 4 

results in ring closure and formation of trans-[MC(CMe3)$C%HYX)~] [154]. An 
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BrCH,CCR + P(Ch!es)nH MezCo,[~(CMe,)2(~2CCB1)~l~r~(~~S)Z(M2COR) (24) 

X-ray study of ci~-[P~)~] has cmfimed the cis-geanetry and indicated 

Pd-P and Pd-0 bond lengths of 2.235(2) and 2.076(S) A respectively [155]. 

6.5.2.5 Complexes wiz:h Bidentaze Oxygen-Carbon Donor Ligands 

[Pt(AsPh~)~{CC~(CN),+)] reacts with phcsphine ligands to give ring opening 

{reaction (25)) [156]. 

Ph3As\pt /O lC(CN) 
Ph3As' 'C(CN)' 2 2 

1 

NC\ /= I + 2AsPh 3 
+ 2L - 

(25) 

(L = PhiezPh, PMePhz, PEt, or PEtzPh) 

6.5.2.6 Complexes with.Ambidentate SuZphur/Oxygen Ligands 

The kinetics of replacanent of chloride ligands in [Pt(en)ClL]+ (L = l&SC 

or NH3) showed the &s-effect of dimethylsulphoxide to be at least au order of 

magnitude greater than that of mania, due to the greater nucleophilic discrim- 

ination factor in the dimathylsulphoxide cauplex [157]. A series of clialkyl- 

sulphoxide halogen-bridged dimers [{Pt(R$O)X2)2] (R = Me, Et, Pr, Bu or 

~(CH~)I,; X = Cl, Br or I) have been prepared. C!n reaction with etbanenitrile 

and dimethylformami de in chloroform, the halide bridge is split to form 

[Pt(Me2sO)IC12] (L = MecN or dmf) in which the ckso is S-bonded [158]. 

[Pt(h!e&D)ICl] (where L = O+Nz and W-ND have been prepared Cl%]; 

HN oclc 
with the former ligand dmso is cis to the oxygen at roan temperature, but on 

heating to 140-170 OC the canplex i sunsrises to a trans-arrangement. Trms- 

~~~W=SO)(PY)C~Z~ has tm independent molecules in the unit cell with alnmst 

identical bond lengths and angles EF(Pt-Cl) = 2.294(2) d; ?(Pt-S) = 2.225(2) 1: 
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?(Pt-N) = 2.057(8) A) [160]. 

6.5.2.7 Complexes with Unidentate Sulphur Donor Ligands 

The interaction of palladium chloro cmplexes with thioethers has been studied 

polarographically [161]. The cis-mans equilibrium of [Pt8r2(tht)z] is shifted 

towards the cis-isaaer in the solid state at 95 OC, and tomrds the bans-isaner 

in sq~~~us potassium branide solution [162]. The energy barrier to pyramidal 

inversion at sulphur in [MXa{S(CRa)n)] (bl = Pd or Pt; X = Cl, Br or I; )2 = 2-5) 

depends on the halide (in the order Cl 5 Br > I) and the ring size. When n = 

4 or 5, the energy barrier is canparable to that in linear thioethers; when n = 

3 the energy barrier is much greater, and when n = 2 no inversion is detectable 

before decanpo sition occurs because in the transition state for inversion it is 

necessary to open up the SCS angle to 120°, which is severely restricted in 3- 

mmbered rings 11631. For umplexes in xc2lich n = 6, the temperature dependent 

'H and "C NMR spectra were analysed using total band-shape fitting methods to 

detezmine the energy barriers for ligand ring reversal and inversion at sulphur 

{reaction (26)) 11641. The energy barriers for ring reversal mre found to be 

similar to those in the uncoordinated ligands, whereas the barriers for inversion 

11 ring reversal 11 ring reversal (26) 

at sulphur were similar to those for non-cyclic ligands. The power of the 13C 

dynamic NBlR spectral analysis was danonstrated by the fact that no simplifications 

in the conforrnational analyses were needed to account for the 13C spectral line 

changes. This was in nmrkeci contrast to the 'H NMR spectra which, in order for 

their analyses to be possible, had to be attributed to the conformations of 

either six-mm&e red heterocyclic ring rather than to the total conformational 

structures of the complexes. A couparisen of the truns-effects of Me$ and 

l&S in pranoting chloride substitution by amine in [Pt(R2S)C13]-, and 
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3-chloropyridine substitution by chloride in [Pt(RzS)(S-Clpy)C1zl shawed that 

EtlS mmplexes were generally mre reactive than Me2S canplexes 11651. 

The unsaturated cyclic thioethers, <29), fom palladium(I1) and platinum(I1) 

[MCI~I*-+ Q 

M = Pd, Pt 

R = H,Me,Ph * RLg>_C: (27) 
S 

R 

(29) 

complexes in which both the sulphur and the alkene function are coordinated 

{reaction (27)}, as confirmed by an X-ray structure detexmination on the methyl 

substituted canplex [166]. When the trms-methyl substituted (23) coordinates 

to platinum(II), truns to cis-isunerisation occurs prior to coordination_ The 

phenothiazine heterrxyclic ligand, (301, forms a palladium(I1) amplex 

(reaction (28)J that has a "scorpion-like" conformation with a direct Pd-S bond 

K,[PdCI,] + 
Qcp 

(28) 

and electrostatic interaction between the quaternary nitrogen atan on the side 

chain and the CPdCl,)- unit, with a Pd-N distance of 3.17 H [167]. [pt(PPh~)LCl21 

(L = thioether or amine) are more effective catalysts for the hydrogenation of 

styrene in the presence of tin(II> chloride than either [Pt(PPhs)&12] or 

LPtL2C12 1 m81. This is attributed to the ability of the L ligand to function 
as a leaving group in the catalytic hydrogenation cycle. Platinum(I1) canplexes 

of E(2-pyridyl)CR2~~~2S, and palladiutn(I1) and platlnum(I1) ccmplexes of 

(CHMez0)2S or <31)--<34) have been prepared ad charactsrised [169-1711. 

Although (31)-(34) react with palladium(11) salts to form RS3 cunplexes, with 

[Pd(PPha)s] desulphurisation occurs with formation of [W(PPha)(R&)] 11711. 
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.L- j+ 
(33; endo) 

S' 
(34) 

[~U'W)~(~),l (E = S or Se) have been prepared and shown to react with 

sodium ethoxide to form bridged binuclear [{Pt(PPhs)2(u-E>)2], and with Se in 

chloroform to form [Pt(PPha)a(ESSE)] 11721. Pentafluorophenyl sulphide 

complexes of palladium(I1) have heen prepared by reaction (29) 11731. Carbon- 

cI=W'=,)C1,]a + [&F&l- -[CPd(PPh,)(SC,FS)Cl}a] + Cl- (29) 

sulphur bond cleavage occurs during the reaction of benzyl-t-butylthioether 

with palladium(I1) chloride {reaction (30)1, but not with palladium(I1) ethanoate 

CfIzPh - 
I 

fcl\pd/s\pd~ 
/ / \s’ \Cl 

L &I d’h 1 n 

l- PPhs 

CH2C12; 15-20 "c 

(30) 

{reaction (31)) [174]. The difference arises because the weaker basicity of 

chloride ion enables it to capture the Cka group, whereas the greater basicity 

of ethanoate leads to preferential capture of an ortho-proton of the benzyl 

group. 

N,~-dimethyl-O-ethylthiocarbamate cunplexes of palladium(I1) and platinum(I1) 

have been prepared by reaction (32) 11751. The ligand is S-bonded and the 

uxnplexes arenormally trans. althoughwithM=Pt.andX=ClorBr, cis cunplexes 
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j Pd<OzCHe)z; ) 

1eOH ; reflux 

MeOFi ; I ref lux 

_ 

Me 

I 

‘% 

“\ 

CMes _ 

(31) 

2 

may be isolated which slowly isuner ise in solution. An X-ray diffraction study 

of trans-[W{SC(OEt)NbIel)aC12] slxmed r(Pd-S) = 2.330(l) d and r(Pd-Cl) = 

2.313(l) 1 (1761. When N,N'-di(4-tolylthiamethyl)ethylenethiourea reacts with 

K,[blX,] + b&NC & -mzic(cEt)NbIe212821 + 2Kx (32) 
(M = Pd or Pt; 'cm 

X=Cl,BrorI) 

palladium(II), the ligand decanposes leaving the thiolate fragment coordinated 

to 

of 

palladium 11771. (35)-(37) react with PtClz or K2[PtC10] to form a series 

S 

(35) (36) 

canplexes [PtL,,]C12, [WtIC12)2] and [Pt.L2C12] 11781. 

(37) 

6.5.2.8 CompZezes with Bidentate Sulphu~ Donor Ligands 

PhS(CH2),SPh forms cis-palladium(I1) complexes on reaction with [Pd(PhCN)2C12] 

when n = 2 or 3, but trms ligand-bridged complexes when n = 1, 4-6 or 8 [179]. 

~Pd(PhSC&CH&Ph)Cl~] exists in different fonxrs which have significantly 

different IR spectra, as observed previously for cis-[~t(Sk~)~Cl~] 11803. The 

S-alkylated dithiolene ligands S-ethyl-ethene-l,Z?xiitbiolate form his-cuaplexes 

with palladium(I1) and platinum(I1) which have W-S bonds of 2.278(6) and 
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2.403(6) 1, and Pt-S bonds of 2.280(6) d [1811. bksamrphic dithiene canplexes 

of palladim(II) and platinum(I1) have been reported 11821 as well as cunplexes 

of <38) and <39) [lE33] _ The kinetics of the exchange of maleonitriledithiolate, 

-2 1 
S- 

vs 1 s_ 

(38) 

isanaleonitrilediselenate and diethyldiselenocarbaminate [184], and the 

vibrational spectra of palladium(I1) and platinum(I1) dithiooxarm ‘de and 

dithiobiuret canplexes [185,186] have been studied. The selectivity of the 

resonance Raman effect in [Fe(a-diimine)p][bl(dithiooxdlate)z] (M = Ni or Pt), 

Mnich contains two chramDphores, was studied as a function of the distance 

between the absorption maxima [187]. When the two electronic absorptions 

overlap, the resonance Razan spectrum is daninated by bands originating in 

the chr~rphoric group with the larger absorptivity, the bands of the other 

species being suppressed (as expected fran theory). Tetrasulphurtetranitride 

reacts with palladium(I1) and platinum(I1) cunplexes to form a mixture of 

three products which must be separated by preparative TLC {reaction (33)) [188]. 

N,S, + PdClz + 2+&1c1 

1 

The IR spectra of [bl(S,N),] support the &s-structure, (40). 

N/s\bl/s--N 

“.,/ \,,& 
(40) 

An Xl%S study of trithiocarbonate, N-cyanodithiocarbamate, maleonitriledi- 

thiolate and 1-nitroethylene-2,Zdithiolate canplexes showed that the charge 
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on the metal decreased, Ni > Pd > Pt 11891. [Pd(PEt3)2(S&NEt2)]X and 

[Pd(PR3)X(SZCNEt,)] (X = Cl, Br or I) have been characterised spectrcscopically 

c1901. In [W(SZCO(=HZCF~)~] the average Pd-S bond length is 2.331 A [191]. 

(41) was prepared by a 1:l reaction of Na[Fe(cp)(CO)2(C&)] with 

(41) (42) 

:P 

I 

L 

(43) 

[CPt(PPh3)2C1)21CBF,l2, (42) by a 2:l reaction of Na[Fe(cp)(CO)z(CSp)] with 

ptc12, and (43) fran [C~(CO)S(C&)] [192]. CS2 inserts into the Pd-bfe bond 

of trms-[Pd(PMe~)2MeI] (reaction (34)1, but into the Pd-P bonds of trms- 

[Pd(PMep)2(COMe)I] and i$d(PMeS)aR][HPhc], (R = bfe, CWe or Ph) {reactions 

(35) and (36)) [193]. With [Pd(PRs),H][HPhl,] (R = Me or Et), CS2 insertion 

trms-[Pd(PMes)2MeI] 

tram- IPd(PMe~)2(C@de)I] 

[Pd(P&)3R]CH%] 

(R = Me, COMe, Ph) 

+ cs2 - traYzs-[PdCPMes )2(S2cbk)Il (34) 

+ CS~-[P~(PM~~)(S$PM~~)(COM~)I] (35) 

+ cS2 - [Pd(Pb& 12 (S2CRdes Ml [=‘hs 1 (36) 

is followed by l&and migration to give [Pd(PRB)2(S2CHPR,)][HPh,,] with a 

bidentate sulphur ligand. [M(RR'PS2)2] (M = Pd or Pt) have been prepared and 

shown to be an equimolar mixture of cis- and trans-isaners [194]. Tbiamlybdate 

and thiotungstate canplexes [R4N]2[M(M1S0)2] (M = Pd or Pt; M' = bk~ or W) have 

been prepared in good yields using aqueous ethanenitrile as solvent [195]. 

[Pt(PPha),(Sam)] involves Pt(u-S)zW bonding and in [Pt(PPh,)2(S,,W)] the tw 

Pt.-S bond lengths are 2.352(3) and 2.388(3) d [196]. The sulphides in 

[Pt(PPhs)2(SR)2] (R =Pb or CHMe2) and in [Pd(dppe)(SPh)2] can act as bidentate 
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6.5.2.lO CompZezes uith M~ltidentate SuZphur-Plitrogen Donor Ligands 

Palladium(I1) and platinum(I1) cunplexes of 8-xnercaptoquinoline [151] and 4 

quinolinethiocartoxylic acid [ZOS] of the type [ML~] have been prepared and 

characterised. The nrxhanisn whereby bis(5-sulphc+8+nzcaptoquinoline) complexes 

of palladium(I1) and platinum(I1) effectively inhibit calcium ion-dependent 

ATPase fran sarcoplasnic reticulum has been investigated [210]. The vibrational 

and XPES studies upon cis-[bi(SNSNH)2] (bl= Pd or Pt) have been reported [211, 

2123. A series of palladium(I1) and platinum(I1) canplexes of several amino- 

alkyhnercaptans have been prepared using the aminoalkyl thiosulphates, &ich 

decuapose to thiols in acid or alkaline solution 12131. Palladium(I1) cunplexes 

of vanillin thiocarbohydrazone and bidentate Whiff bases derived fran hydrazine- 

S-methyldithiocarboxylate and thiosanicarbazide have also been characterised 

[214,215]. 

G.5.2.11 Con;pZezs &sir Xdentate SirZphur- or SeleniunrPhosphorus Ligands 

[Pd(ZbIeECsHbPPhz)Xz] (E = S or Se; X = SC8 or I) react with thiocyanate or 

iodide ions reversibly to form danethylated [Pd(2-EC6HJJph2)X~]-. The reaction 

involves nucleophilic attack by the anion at the methyl group [216]. 

F.5.2.12 ConpZezes uitiz &dentate SuZphu-Carbon Ligands 

Reaction of (47) with PdC12 gives the rretallated product, (48) {reaction (37)) 

12171. 

2 phQq + 2 PdCI, - 

(47) 

I- 
-Pd- pJJJq) 

1’ 
(48) + 2HCI 

I 2 

(37) 

6.5.2.13 Complexes uir;h Vridenzate SeZenim Ligands 

~ruxs-[~fSeP<N&~)~3~Cl~] (n-i = Pd or Pt) have been prepared and tested for 

biological activity. In solution the complexes lose one phosphine-selenide 

ligand to form [M@eP(NNep)23C12]2 [218]. Heating [Pt(Se2Wt2)2] with 

@t(PPh~)&ez] in ethanol at reflux gives [Pt(Se&NEt2)(CQ)PPh3] which has 

asynrnetric platinuwseleniurn bonding ~r(Pt-Se) = 2.491(3) A; 

r(Pt-Se) tkna to PPh3 
= 2.462(4) A> [219]. 

trans to methyl 
The vibrational spectra of selenourea 

camplexes of palkdium(II) and platinum(I1) have also been reported [220]. 
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6.5.2.14 Complexes with &dentate SeleniunrNitrogen Ligcmds 

The vibrational spectra of [M(selenosem 'carbazide)2]Clz (A! = Pd or Pt) canplexes 

have been analysed in detail 12211. Xhloranethyl-4-selenohexahydropyrimidine- 

2-thione canplexes have been characterised in solution [222]. 

6.5.2.15 CompZexes with Unidentate TeZZurim Ligands 

In F'dTe, the d-bands of platinum are canpletely occupied so that the bands 

near the Fermi level possess the p-character of telluriw (2231. [PdCTe(GF5)2)C12] 

has been studied as a photosensitive canpound of palladium that can be used to 

produce an image of developable palladium nuclei [224]. AxCOl'eAr' react with 

[Pd(PhCN)2C12] to form pcQkric {Pd(TeAU2&, suggestingthatAr.CUlkAr' maybe 

a useful preoursor for [TeAr']- ligands for transition metal substrates [225]. 

6.5.3 CompZeres with Amino-Acids, Pepides, MucZeic Acids and Other BioZogicaZZy 

Important 14oZecuZes 

There is an increasing interest in the interaction of platinmn(I1) and 

palladium(I1) canplexes with biologically important nrA?cules. Since nms.t 

biological molecules bind through D, 0 or S donor sites, it is appropriate to 

consider such molecules at this point. 

6.5.3.1 &&w-Acids and Peptides 

X-ray diffraction studies have been reported on cis-[ptC1~(NH~)(NH~cH~CooH)] 

~r(=N)glycine 
= 2.10 A}, [PtC1(NH~)(NH2CH&CO)] fr(Pt-ti)glycine = 2.08 A; 

r(Pt-0) = 2.04 d> [226,227], c~s-[~C~~(PY)(NH~~H~~)I (r(Pt-N)alycine = 

1.97(3) A> [228], and ~~~s-[P~(NH~M~C~~)~].H~C~O*.ZH~O (r(Pt-N) = 2.013 A1 r229]. 

On heating a mixture of solid ptC12 and solid glycine. the zwitterion of glycine 

--2m + intrudes into the inner coordination sphere of platinum, and 

subsequently the glycine chelate ring closes [230]. 

Methionine, glycylmethionine and a-alanylmethionine (L) react in a 2:l molar 

ratio with [Pt(en)Clz] to form [Pt(en)L2]Cln [231]. Seven new palladium(I1) 

methionine canplexes <so)-<5?) have been prepared by the reactions shown in 

Scheme II; further caaplexes may be formed but are too soluble to isolate [252]. 

X-ray and fluorescence spectra of platinum(II) cunplexes of methione and 

methionine-containing peptides have been recorded 12331. The base hydrolysis 

of bis(ethylcysteinato)palladiua$II) occurs in txro stages, both stages involving 

a base dependent and a base independent route [234]. S-methyl-Lcysteine forms 

tw diastereoisaner ic 1:l cunplexes with palladium(I1) which differ in the 

chiral centre at sulphur, (4%) and <49b) 12351. 

The sulphonate group of L-cysteate interacts with the hyciroxyl group of 
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<49a) and <49bl are 

represented in a view 

down the S-C bond. 

(4Qa) <49b) 

L-tbreoninate in the palladium(II)-L-cysteate_L-threoninate ccxaple~ 12361. 

3-Methyl-L-cysteinesulphoxide forms two palladim(I1) and platinum(I1) 

diastereoisaners which, like (49a) and (49b) differ in the confomation at 

sulphur 12371. An interesting difference arises when the palladim(I1) and 

platinum(I1) cunplwes are dissolved in water. With palladim(II), the 'H NMR 

spectra of dissolved crystals are exactly the same as for a freshly prepared 

1:l mixture of palladium(I1) and ligand whereas the crystals of the platinum(II) 

cunplex on dissolution show& only one isaner present. The spectrum of the 

second isaner appeared after three days, due to inversion at sulphur. In the 

dichloroplatinum(I1) canplex, the Pt-3 distance of 2.182(3) w is the shortest 

P&S distance ever reported 12381. 

The synthesis and optical activity of the proline (IIL) canplexestrrms- 

[Pt(HL)(NHs)pX]X and [PtL(HL)Br] have been reported [239-2411. Histidine (HL) 

reacts with palladium(I1) to form [PC&] in which it is bidentate, and 

[PIz(H~L)~C~~]C~~ in Mich it is monodentate and bound through nitrogen [242]. 

One of the phenolic rings of tyrosine in cis-[Pd(Gtyrosinato)z] is approx- 

imately parallel to the basal plane of the cxxnplex, whilst the other is directed 

away fran the palladium atan [243]. Platinum(I1) canplexee with L-norvaline, 

Gisoleucine [244], pallziZiium(I1) and platinum(I1) canplexes with aspartic, 

glutamic, aminoadipic and mninopimelic acids [245], plati.num(II) c~@exes with 

L-alanine dipeptide esters 12461 and palladium(I1) complexes of tri- and 

tetra-peptides containing ala-ala-cys sequences [247] have been studied. 

6.5.3.2 NucZeic Acids and Nucleosides 

A review has been given of palladium(I1) and platinum(I1) ccmpounds related 

to nucleic acids [248]. X-ray structures of [H502][Pt(en)C1(uracilato-N(l))]Cl 

Er(Pt-N’)uracil = 2.04(l) 11, [Pt(en)ClEthyminato-N(l)]] {P(I'~-N~)~~~~~ = 
2.036(5) A} [248a] and [{Pt(NH~)~[lmethylthyminato-N(3)])z] 12491 have been 

determined, principally to confirm the mode of coordination. Cis- 

[Pt(NH~)~~l_methvlthvmin~N(3))23 can coordinate as a bidentate ligand t0 
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silver(I) through the carbonyl oxygen atans [250]. X-ray diffraction has shown 

that because of the anti-orientation of the IJVO guanosine ligands. the platinum 

centre in cis-[Pt(NH,),(guanosine),]C11_6[C104]O_6.7H20 is chiral; this cmplex 

and its inosine and xanthosine analogues have a snall but significant anti-tumour 

activity 12511. The 'H and w Nhm spectra of cis-_[Pt(NH3)*L*] 2+ (L is a 

substituted imidamle) canplexes have been studied in wter and cimo solution; 

water is far superior as a solvent, yielding narrower resonances and hence the 

possibility of observing smiler coupling constants [252]. A circular dichroisn 

study of the interaction of palladium(I1) with gelatin shows two carboxylate 

bonded canplexes at acid pH; at about pH 4.5, palladium(I1) is bound by imidazole 

and amin~groups, and at alkaline pH all the carboxyl, imidazole and amino 

groups are involved in coordination [253]. 

'H and 13C NMR spectra suggest that palladium(I1) interacts with the N3 of 

cytidine and the N7 of guanosine monophosphate 12541. An X-ray diffraction 

study of Cs, 5H1 5 [cis-Pt(NH3)l(cytidine-3'-monophosphate)] confirms the N3 

bonding fr(&-N3j = 2.16(3) A> 12551. In the inosine-platinum(I1) canplexes, 

KIPt(ino)CIB] and [pt(ino)2C11], bonding is through N' [256]. 7,9--dimethyl- 

hypzanthine, L, has been shown to coordinate to platinum(I1) through N' in 

[Pt(dien)L][PFs]z {r(Pt-N1) = 2.051(6) I(> and [Pt(en)Lz][PFG]z fr(Pt-N') = 

2.021(8) & [257]. An NMR study of the interaction of [Pd(dien)Cl]Cl with 

saw nucleosides and nucleotides show& guanosine, guanosinewnophosphoric acid, 

xanthosine and inosine all coordinated through N7, cytidine through N3, and 

adenosinexonophosphate as a bidentate ligand to two different palladium atans 

through N' and N' [258]; the structure of [Pd(dien)(guanosine)][C10,,]2 was 

confirmed by X-ray diffraction. An HPIC study showzd the order of reactivity 

of deoxynucleosides with cis-[Pt(NH~)~Cl~] was thymidine (no reaction) << 

deoqadenosine < deoxycytidine c deoxyguanosine [259]. 

C+[~(NEI~)~(tf&U~]2* forms adducts with adenosylcobalamin and alkylcobalamins 

in which the N3 of the 5,6-dimethylbenzimidazole moiety is coordinated to 

platinum(II), and not to the cobalt(II1) 12601. 

A study of nucleoside complexes of platinum(I1) as well as [Pt(PBu3)&lz] 

and [{Pt(PEua)C12}2] showed that a daninant chanical shift anisotropy relaxation 

mechanisn can account, at high magnetic fields, for the disappearance of sane 

of the nSPt-'H and n%t-13C coupling constants, and the line broadening observed 

in the =Pt NMR spectra of these complexes 12611. 

A W difference spectral study of the in&action of platinum(I1) canplexes 

with WA showed anti-tmur active curpounds gave a bigger change in the secondary 

structure of DNA than inactive canpounds [262]. Active canpounds show&i a 

preference for binding to guanine residues_ 'Ihe intercalative binding of 

[Pt(terpy)(2hydraxyethanethiolate)]+, [Pt(bipy)(en)12+ and [Pt(phen)(en)12+ 

with calf thymus DNA depends on base canposition, the platinum(I1) canplex, and 
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the ionic strength of the medium 12631. 

6.5.3.3 Cancer Therapy 

The effects of Kz[PtCL,], cis-[~iz(~HJ)nClz] and trans-[Pt(NHx)&la] on the 

activities of seven enzymes havebeenstudied. Threeoftheenzymes, whichare 

thought to have essential thiol groups, were significantly inhibited, whilst 

the other four were largely unaffected. Of the three cunplexes,cis-[F%(NHs)#.&] 

uas the least effective inhibitor [264]. 

The use of platinum(I1) complexes as anti-tum3ur drugs often results in 

"platinosis", which manifests itself in the form of dermatitides and a&mid 

conditions due to the histamine liberating action of platinum caqlexes. 

Histamine liberation has been found to increase as the energy of the Pt,, or 

PdJd energy levels increase [265]. 

6.5.4 Complexes with Group VB Donor Ligands 

6.5.4.1 CompZexes with Unidentate Amines 

The EPR spectra of linear structures derived frau the Magnus' Green salt, 

~~(Nff3 >%I c-c1,1, were attributed to the interaction of a Pt3+ ion, with S = 
4 in the de2 orbital, with four =Pt nuclei 12661. Iptw&>J CR.al2 was 
prepared by treating the dichloride in aqueous solution with &[R~o,] [267]. 

The standard enthalpy and free energy of formation of [P~(NH~),,]I~ at 25 OC 

are -538.1 kJ ml-l and -233.17 kJ mol-', respectively; the free energy of 

decanposition to ~PUES-[P~(NR~)~I~] and gaseous amxmia at 151 OC is -31.25 kJ 

mol-l [268]. rH chemical shifts and '95pt-'H coupling constants of the amnonia 

protons in trcm~-[Pt(NH~)~(amine)~l~+ do not depend on the donor properties of 

the amines; the =Pt-'H coupling constants to the amine protons are larger than 

to the arrmonia protons [269] _ The heat capacities of [Pt(NR~)k]C12.0.92R~0 

and ~Pt(NRa)~]Sr2.0.76R~0 have been reported [270,271]. The thermal 

disproprtionation of [?d(NH~>0][~1~] into [M(NH~)aCla] (M = Pd or Pt) is 

exothermic [272]_ The vibrational spectra of [Pt(NH3)&1a].X20 in X20 (X = H 

or D) have confirmed that when X = H, v eym(Pda) is at 507 cm-' in the solid 

state and at 504 cm-' _ m aqueous solution, whilst v (Pd-N) is at 471 cm-' 
asym 

in the solid state and at 468 cm-l in solution [273]. A normal coordinate 

analysis of CP~(NH~),,]~~ has been described [2743. 

Studies of the heat capacities of c&s- and trmzs-[~t(~H~)~~~] have allowed 

the free energy of &s-tram isaner isation to be determined [275]. Fran the 

temperature dependence of the specific heat, the energy barriers to internal 

rotation of ammonia are 2510 (c&z> and 1255 J m>l-' (trams) [276]. AnSCP-Xa 

method has been applied to the electronic st~ctures of cis- and trams- 

k(l%)~Cl~] [277], and an IMx) method has been applied to [PdC14_n(NH3),]n-2 



12781. The increase in the rate constant for quenching the luminescence of Tb3+ 

ions in aqueous solution by [P~C~~_~(NH~)~]~-~ (n = O-4) or PtKwJ2- 
correlates with the increase in the oxidation capability of the platinum(I1) 
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canplexes [279]. The uptake of platinum salts on electro-oxidised carbon fibre 

paper follows the sequence kt(NH3)2(NO2)2] > CFWNH~)~I[OHIZ > PWH~)~lC1~ > 
H2[PtCls], as expected on the basis of their relative acidities [ZSO]. The 

cis- and trans-isuners of [P~C~Z(RN&)Z] (R = H, CR or CCHB) and [I?.C~Z(NHJ)(NOZ)] 

each give distinct polarographic waves allowing the tv.o isurers to be readily 

distinguished; in the presence of tbiourea the difference between isomers becanes 

even more pronounced [281,282]: A number of reactions of platinum(IIMnmine 

complexes with triphenylphosphine have been reported (reactions (38)-(40)) 12831. 

~~(~a)sCl]~Nos] + PPhs 
aq.EtOH 

-[~~(NH~)~(PP~B)C~][~OS] + NH3 (38) 

cis- and tzwzs-[Pt(NHa)&12] + 2PPhj -cis-[Pt(PPh~)$&] + ZNH, (39) 

[N&][Pt(Nk)~3] + PPhs- kWG)(PPh~)Cl~] PPh3 -cis-[Pt(PPh3)Q2] (40) 

An X-ray diffraction study of trmrs-[Pt(cyclohexylamine)2Brz] showed P(P~-BI-) = 

2.388(2) i and r(Pt-N) = 2.06(l) A [264]. K~[Ptcl,,] reacts with RNBp (R = 

2-R)&, 3-FC&+. -3C&, 2,4F2C6H3 or C&CsHbF-2) in the presence of [RN&]Cl 

to form cis-[Pt(RNH2)2C12], which have no value as mzti-cancer drugs [285]. 

3-Nitroaniline (L) reacts with K[PtIC13] to form trams-(PtL2C12], which is also 

obtained fran the reaction of K2[PtC14] with L in a 1:6 molar ratio; \\hen the 

reaction is carried out in the presence of KCl, cis-[Pt&C12] is formed [286]. 

II 
I am' 

-Pt-Cl k 

Jm \ 

II 
Cl 

Cl 

II 
I 

-PPt-ala' 

I 
sin 

(60) 

Cl 

I 
am'CH2CH2-Pt-Cl 

I 
(58) am 

II 
Cl 

I 
axn'CH2CH2-Pt-am' 

I 

(41) 
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X-ray diffraction studies of cis-[PtCl~(~2-C~H~)(2,6-dimethylpiperidine)] 

shoed the trms-influence of ethene to be greater than that of the amine, 

Er(Pt-Cl) trans to cg4 
= 2.337(6) A, whereas r(Pt-Cl)trms to N = 2.285(6) 1; 

r(Pt-N) = 2.111(17) d 12871. '%t NMK of tmns-[PtClz(r12-C2Hc,)(substituted 

pyridine)] canplexes have been reported [288]. When cis-[PtC12(r12-C2Hlr)(amine)] 

is attached by further amine (am') three products <58)-(60) can be famed in 

principle, however only (58) and (59) are certainly formed; (60) is probably not 

formed (reaction (41)) 12991. The 2-amronioethanide complexes, (62), are not 

particularly stable cunparsd to (60, so that with Y = Cl and 2 = amine, K42 is 

Cl Cl 

I I 
+am 

II- L Pt-2 

I 

am+CH2CH2--Pt-Z ; 

I 

K42 

Y Y 

(61) <aa> 

(42) 

rarely greater than 30. However a conjugated waccepting bidentate Y-Z ligand, 

such as <63)-<65), increases the relative stability of (621, because the n'-alkyd - 
-“\ / \ 
t 23 o-c=0 - 

(63) (64) 

is a u-donor that does not canpete with the v-accepting Z in the way that n2-C2H,, 

does in (61) [ZSO]. A number of cyclic a-anmonioethanide CCU@eXeS, (66; L = PPh3, 

FLHC -NMe, 

I I 
d 

H2C -Pt -Cl 
I 
I 
L 

(66) 

(65) 

Me250 or Me2NH) have been formed by reaction (43) [291,292]. '5N-labelled (58) 

has been prepared andNMRstudiesusedto showthat%H&(CH2)2 exerts a 

mailer truns-influence than n2-C2H,, 12931. The lability of the N-H bond in 
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RCH-NMe 2 

cis-[PtC12(n2-RCH=CH2)L] + Me2NH 
cnc1-J I I 

* CH2 + trace 
<excess) of NaOH 

[ 1 --Pt-Cl (43) 

I 
L 

tram-[PtC12L(NHRt2)] (L = alkene, carbonyl, ethanide or phosphine) has heen 

canpared to that of the Pt-amine link, using 'H NMR spectroscopy (2941. 

Free pyridine does not exchange with coordinated pyridine in [~(py),]~+ 

(bl= Pd or Pt); broadening of pyridine protons in the NMR spectra is due to 

reaction (44) [295]. Truns-[Pt(substituted pyriciine)2X2] can be prepared fram 

PYH+ + PY* w PY + PY*H+ (44) 

[Pt(substituted pyridine)4]X2 (X = Cl, Br or NCS), either in aqueous solution 

or by heating [Pt(substituted pyridine)s]Xz in the solid state [296]. X-ray 

diffraction of tr~~-[~Cln(cbnf)(2,~b~~py)] shows that the lutidine ring is 

perpendicular to the platinum square plane; dimethylfomamide is hound through 

-2 

-DC? QJ-y ca; 

o-5 Oc 90% 0x0 0% 

25 OC 51% 10% 3.5% 

50 Oc 12% 57% 4.5% 

75 Oc 9% 62% 4.5% 

trc.?m-IPt(PY)2C121 (45) 

o-5 Oc 66% s-16% 

25 OC 82% 12% 

50 Oc 49% 49% 

75 Oc 32% 66% 

axygen t2971. In ~~(NH~)~lcptC1~C2,6~fe~py>l, ~~~~~~~~~~~~~ = 2.024(5) & 

and the lutidine ligand has the same trcms-influence as chloride [298].- A 

series of amino-substituted pyridine canplexes, [PtL~&].nH~O (X = Cl or I), 
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rwt(m)*c112L12+, [@'t(en)C112L]2+ CL = (67)). [P~~L'zXSI.~HZO (X = Cl or I), 

~ptF&'3C~3(~~1, Ipt3L'J5(oH)l or [ptL'sCls].4H~0 EL' = <68)1 have been prepared 

NH2 

(67) (68) 

[299,300]. 1,2- and 1,4-diaminobenzenes form [F~LX~I. where both nitrogens are 

cmn-dinatkd [299]. A polymer supported palkdium(I1) cunplex, prepared by 

reacting [Pd(py)&12] with phosphinated Polystyrene, catalyses the hydrogenation 

of soybean oil under the mild conditions of one atmsphere of dihymen, and 

SO-140 OC [301]. The chlorination and branination of trms-[W(~y)2C12] yields 

chlorinated and brominated pyridines {reaction (45)) [302]. 

6.5.4.2 Complexes with PyrazoZe, OxazoZe and Imidazole Ligands 

Cis-[Pt(pyrazole)&lz] has been prepared by reaction of K2[PtClk] with 

pyrazole, <SW, ir. water adjusted to pH 1.5 with 2 M HCl [303]. Trans- 

[Pd(omzole)2C12] involves planar oxazole (70) rings lying at 33O to the 

(69) (70) 

palladium(I1) square plane {r(Pd-N) = 2.016(2) d, r(W-Cl) = 2.293(l) A} [304]. 

Treatment of [Pt(PEt,),(PhNH)Cl] with Ag[PFs] in propanone gives oxidative 

dimerisation. with foxmation of weakly Pammagnetic trans- 

[IPt(PEt3)zC1}*(~--C~HH1~N2)], which itself undergoes reversible deprotonation 

to (71). The X-ray structure of (71) indicates that the benzidine ligand has 

r 

1 CPF61 

PEt3 PEt3 

Cl-Pt ; -NH-H-it-Cl 

L PEt3 tiEt3 

. 

(71) 
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marked quinonoid character {r(Pt-N) = 2.003(4) ii; r(Pt-Cl) = 2.319(l) 1 and 

r(Pt-P) = 2.309(l) 11 c3053. 

Thenmlysis of the imidazolinium salts [AH]~[P~x~] (A = imidazole, benz- 

imidazole, 5,6-dimethylhenzimidale or 6-nitrohenzimidazole; X = Cl or Br) 

yields tram- [PdAzXz] 13061. A series of imidazole (i.midH) platinum(11) 

cunplexes, cis- and trans-[~t(imidH)~X~] and [Pt(imidH)~,]X~ (X = Cl, Br or I), 

have been prepared [307]. [PtlI(N-methylimidale)~][F%lVCl~] has a chain type 

structure, but there is no charge transfer due to the long Pt 
II_ptIv 

distance 

of 5.563 f Ir(Pt-N) 

Pyrazole may act 

(72), (73) and (74) 

= 1.9362.012(14) A} [308]. 

as a unidentate ligand and as a bridging ligand, as in 

[309-3121. (74; L-L = dppe) suffers pyrazolate displacement 

(72) 

(73; R = H. kle or Ph; L = &CO2. 

Br3CC02. C1CR~CO~, C12CHCO2, Cl3CCO2, 

F3CCO2 01 PhC02) 

R R 

L N-N 

‘nil’ 
( \N-N 

(74; LAL = dppe. dpae. bipy or 

cod; R = H or Me; Y = Pd or Pt) 

on reaction with hydrochloric acid or iodine {reaction (46)); fluoroboric acid 

gives reaction (47) [312]. !Z'rwzs-[PdC12(l-benzyl-3,5-dipropyl-Pethylpyraole)~] 

has Pd-N bond lengths of 2.014 & and Pd-Cl of 2.300 A 13133. 

6.5.4.3 Complexes with &dentate Amines 

[Pt(2,2-dimethyl-1,3-pn)2(malonate)] has a layer structure with Pt-N bonds 

of 2.022(4) d and Pt-0 bonds of 2.029(4) H [314]. The absolute configurations 
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HCI c \ /“’ 
7\ 

+ 

L Cl 

(74; L-L = dPPe; R = 

H or Efe; M = Pd or Pt) (W 

(74; L-L = dppe; R = H or Ye)- 

HCBFI, 1 
w 

R = Me) 

HCBF43 c 

(3 = H) 

L N-N 

‘P/ ‘Pt 
L' ‘N--N/ 

CBF4 12 

(47) 
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and CD spectra of [pt(en)(~e~en)l~+, IPt(R-pn)(~epen)l~+ and [Pt(NR~)z(Me~en)]2+ 

have been detezmined [315]. In contrast to [Pt(en)Clt], the polarised electronic 

spectrum of [Pd(en)Cll] shms no intensity enhancement in the stacking direction 

of the n~lecules 13161. Five coordinate r12-alkene canplwes of platinum(I1) with 

chiral diamines, prepared by reaction (48), have axial chloride ligands. The 

K[PtC13(C2HQ)] + R,R-mben- [PtCl2(R,R+ben)(C2H1,)] 

+ 

t 

alkene (alkene = acrolein. 

acrylonitrile. fumarodi- 
nitrile. maleic anhydride, 

maleimide or propene) 

(48) 

[PtC12(R.R-mben)(alkene)] 

alkene lies in the trigonal plane {r)(Pt-C)02KI, = 2.087(24) A; r(Pt-C)c3K6 = 

2.148(29) A>. The two prochiral nitrogen atons in R,R-mben (R,R-PhCHble-NbIe- 

C&C&-Vhbie) have equal absolute configurations, identical to that of the 

asymetric carbon atoms 13171. 

Rate constants for the displacement of Cl- in [Pd(5-Rphen)Clz] by Br-, I-, 

kCN3' or thiourea in dmf at 25 OC increase, as does the discriminating ability 

of the canplex, with decreasing pKa of the phenanthroline [318]. [Pt(phen)z]2+ 

rapidly adds cyanide in aqueous solution; uC~spectra inwater and ethane- 

nitrile shcm the product to be a fluxional five-coordinate cunplex with [cN]- 

bonded to the Pt. In the solid state the ccmpkx is square-pyramidal with 

cyanide in the square plane; hydroxide and hydrosulphide react similarly to 

cyanide. These results argue strongly against the pseudo-base mechanisn [319]. 

Axial, greater than four-coordination, is important in the photolysis of 

Na~[PdCLl, [W(phen)(WS)21[C10412 and kd(phen)KWzl [3201. 

[Pt(L-L)X2] {L-L = 1,2-(H2N)2C6H3R-4; R = Me, CMe, H, Cl, COOH, NO1 or EQH1 

have been prepared and tested for anti-tmour activity against P-388 leukemia; 

the activity is related to the Pt-N stretching frequency [321]. [PdLClz] and 

[PtL2C12] (L = 2,6xiiaminopyridine. Pmethoxy- or 4-ethoxy-2,6-diaminopyridihe) 

have been studied similarly 13221. [Pt(2+minanethylpyridine)~]Cl~.HzO possesses 

defonnsd chelate rings, due to the considerable ring strain imposed by chelation 

c3231. A series of 2-aminopyrimidine (L) canplexes, including cis-[Pt(N&)2L~]C12, 

IRcenx2lcl2, cis- and tran~-[Pt(Mi~)~L~](NO~)~ and [PtL2C12], have been 

Prepared. In all these caqlexes, the ligand coordinates in a unidentate fashion 

tbrough the N' hetero atcm [324]. 

Five-coordinate [PtC12(n2-C2Hs)(tnen)], (75), loses chloride ions {reaction 
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+ cl- (49) 

(75) (76) 

(49)) in methanol solution to form [PtCl($-C2HI,)(tmen)]+, (76), which reacts 

with further txnen to form binuclear (771, which can regenerate (75) on treatment 

(77) 

HCl (50) 

t 
b’tC1~(r12-C&)(-)l 

with aqueous mineral acid reaction (50) 13251. The acidolyses of five- 

coordinate (75) and four-coordinate (76) occur as shown in equations (51) and 

Me2 
Cl N 

II 

I/ 
-Pt + HCl- 

I\ Cl N > 

Me2 

Pt 

I 
Cl 

cl- 

/ 

b’tK2H4)C131- 
\ 

at (51) 
higher 

PH 

(Pt(tmen)C12] 

(52) [326]. A structural study of five-coo rdinate [PtC12(n2- 

dlkene)iP~(Me)~2Q12N(~)~h)] (alkene = C2H4, CaH6 or (E)-m=UICN) 

showed that only one absolute configuration is achieved by the prochiral nitrogen 
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+ HCl- 

Cl 

I 
Cl--Pt- 

I 
II 

Me2NCH2CH2NMe2H 1 Cl 

I 

further HCl 

[PtC13(b¶e2NCH2CH2NMe2H)] + C2Hq 

at higher PII (52) 

[Pt(tmen)C12] 

atans upon coordination [327]. 

6.5.4.4 CompZexes with Other Bidentate Nitrogen Ligands 

The coordination behaviour of N-phenylcarbarmylpyrrole-2-thiocarboxamide and 

Pnitroscdimethylaniline have been reported [328,329]. 

6.5.4.5 CompZexes with Muttidenta~e tines 

[W(tren)X]Y (X = Cl, Br, I or SCN; Y = Cl, Br, I, [scN], [ClO,] or [HPhb]) 

exist as four-coordinate cunple~~es in the solid state but in equilibrium with 

a fivecoordinate form in solution. When Y = [ClO,], [Pd(tren)(NCS)][ClO~] 

reacts with perchloric acid to form [Pd(trenH)(NCS)][ClO~]~. [Pd(tren)(NCS)]+ 

undergoes N + S isanerisation when the anion is changed fran [sun]- to [BPhb]- 

[330]. The intercalation of [Pt(te+y>(SCH~C&CH)]+ with salmon sperm WA has 

been studied [331]. [W(2_py~~NH(cH~)~~~~-Zpy)][Cl0~]~ has tw independent 

palladium cations in the unit cell; in both the terminal pyridyl rings are 

twisted away fran each other to minimise G and 6'-hydrogen atcm interactions 

[332]. The macrocyclic qlexes, (78; M = Pd or Pt), are prepared by template 

condensation of 2-aminobenzaldehyde in the presence of palladium(I1) or 

platinum(I1) salts 13331. Saturated macrocyclic cunplexes. (79). with both 

palladium(I1) and platinum(I1) have four nitrogens situated on a saddle-shaped 

surface aroundthemetal. The tetrafluoroborate cunplexes react with icdine to 

form the mixed-valence caqlexes [M(L)][I~]~~, where [M(L)] = <vs), which have 
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(78) 

_ 

(78) 

unusual pressure dependent cmductances [333a]. Tetrabenzoporphyrin (TBPH2) 

canplexes of palladium(I1) and platinm(I1). [bl(TEiP)], exhibit phosphorescence 

fran the lomst triplet of the TBP ligand 13343. Photochemical studies of other 

porphyrins have also been reported [335,336]. 

5.5. <. 5 Complezes uiz;;Z Itines 

X-ray diffraction has been used to detetine the structures of the following 

imine caqlexes: tMns-[WC1~(1,3-dimethyl-l,4,5,6tetrahydropyridazie)~] 13371, 

[EPt(PBu'~)Clz)2ihieB~~~~~~ee31 [338,339], trigmal bipymmidal 

[ptC1*(Ph~~1)(~~BcN~~~~3)] with axial chloride ligands 13381, 

[Pd(~3-C3H~)E2-(b&??=CH)-6-CHUe2-quinoline~] [340] and [Pd(l,3,5-tri-4 

tolylfomazan)~] [340a]. The reactions of 1,4diam--3_methylbutadien-2-yl 

complexes of pziLladium(I1) with rhodium(I) canplexes, in which ligand exchange 

between palladium(I1) and rhodium(I) occurs, have been described [341]. l?YYUlS- 

[Pd(bIe2mlePh)2X2] (X = Cl or Br) consist of trm rotational ismrars differing 

in the mtual orientations of the imine ligamis (3423. Cyclopalladation of 

(80) occurs by in-plane interaction of palladium(I1) with the hydrocarbon group, 

assisted by chelation 13431. When R = Me, the reaction depends upon the other 

ligands present {as shown in reactions (53) and (54)): when R = Et or CHk2, 

\ 
R ke 

<SO) 
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NaZ[PdC14] + bleOH 

ble 

M 

(81) 

1 + 
2 

only the analcgue of (81) involving metallation at the 3-position is formed 13401. 

\ 
Me 

CH2 -Pd 
--Nble 

I 
Cl I (53) 

In [Pd(RCR=NN=CRR)~Cl~] (R = furanyl or thienyl) the ligands bind through the 

azanethine nitrogen [344]. 

CPds(OSXe)61 + 

\ 
Me 

2 
Palladium(I1) cunplexes of PhaP=NH have been prepared by the in situ 

alcoholysis of Ph+NSib& 13451. 1,4-Eknzoquinonediimine, L, forms 

[pdL2C12] .2H20 and a polynuclear complex of platinum(I1) 13461. Irradiation 

(54) 
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of chlorofom solutions of [PtC1,2-CsHc,(NH)212] helm 350 MI decolourises it, 

and reduces it snoothly to [Pt{l,2-CsH1,(NHp)212]2+ [347]. a-Diimines react in 

a 1:l ratio with [Pd(PhcN)2X2] to form ~~~-(P~(RN=CWZ~NR)X~] (R = alkyl) in 

which both nitrogens are hound to palladim(I1); with more diimine, the canplexes 

[Pd(RN=CHCH%R)pX~] are formed with two unidentate diimine ligands, each in an 

ati-configuration with the C-C and W-N bonds virtually cis 13483. l.m-cbI21 
(bl = Pd or Pt; L = phosphine or at-sine: M = Pt; L = &Ho) react with a-diimines 

to form ~P~~~-[M(RN=CHCH=NR)LC~~] in which the diimine is monodentate but 

fluxional with L = phosphine or arsine, but bidentate giving a trimnal bipyramidal 

cunplex with axial chloride ligands when L = ethene [348,349]. 
Cuuplexes of 2-(N-u-pyrrolylmethyleneamino)henzenesulphonic acid with Pd(II), 

2-(2-pyrroly'imethyleneimino)henzoic acid with Pd(I1) and Pt(II), 3-(2 

pyrrolylmethyleneimino)propanoicacidwith W(I1) and Pt(II), and resorcinaldehyde- 

zuninoguanidine with Pd(I1) have been described [350-3521. 

6.5.4.7 Complexes rJith Ox&es 

X-ray diffraction has been used to study a number of bis(oxamide 

oximato)platinum(II) adducts in which the platinum cunplex molecules form vertical 

stacks [353-3561. The selective cleavage of the TV palladium(II)-nitrogen 

bonds inarylazo-ox imato palladium(I1) ccmplexes, by tertiary phosphines, involves 

initial halide bridge cleavage followed by a bidentate to unidentate trans- 

formation {reaction (55)) [357-3591. Hydrochloric acid results in oxime 

Ph 
I 

Ph 

+ 2PAr3 CH$x~ or 
C,B,; 25?z* 

1 ‘PAr, 

/=\ / 
R ‘N 

I 
0 

(55) 

PAr 3 Cdh; 25 Oc 

AM, ,x 

protonation {reaction (56)) [357]. Negative ion mass spectxunetry of 

[M(h)2] (M = Ni, W or Pt) gives P", [P-H20]' (which is the major peak for 

M = W or Pt) and [l?-CEIaO]f, where P is the parent IIplecular ion [360]. The 
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Ph 
I 

HC1_ 

2 

C’\ ,x\ 
PhN 

HPd, 
II 
N-C=NOH 

I 

LJV-VIS spectra of [M(dug)~] (M = Ni, Pd or Pt) have been analysed by a 

Empirical LCAO-rQ method 13611. cUIlpleXeS of (82) and (83) have been 

described [362,363]. 

OH 

semi- 

Me& -CR 

I II 
HONH NOH 

(83; R = H, Me or Ph) 

(82) 

6.5.4.8 NitrosyZ and Nitro-CompZexes 

The nitro or nitrito coordination in K2[Pt((XO),(N02),_41, Kz[PtlO(hQ) 3 (a01 3 1 

and Kz[Pt~02(N02)~l has been detemined 13641, and "@t(PH~)2(N202) I” has been 
the subject of EZBD calculations [365]. Sulphur dioxide reacts with 

[Pt(PPhs)2(N202)] to form [Pt(PPh3)2(NO2)2], whereas nitrcwen axide reacts with 
t 

6.5.4.9 CompZexes with Nitriles 

Although [Pt(PhcN)2C12] had been thought to exist solely as the cis-isaner, 

it has nmv been shown that reaction of PtC12 with neat benzonitrile affords a 

rmxture of cis- and tram-isamxs in varying proportions depending on the 

temperature. In chlorofoxm at 25 OC, the tram+isaner is favoured since 

k 
c-is + trans 

= 3.8 x lO+ s-l and ktrrms ~ cis = 2.9 x 16' s-l 13671. The 

chelating nitrile {1,2-(NC)C6H&CH,}. displaces benzonitrile fran [Pt(PhcN)2C12] 

[368]. [pt(phcN)2C12] reacts with Tl[acac] to give three products, one of 

which is the fine yellow crystalline trms-[Pt( MeCXN=WhCH#Me)~], form& by 

nucleophilic attack on coordinated benzonitrile [369]. 
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o^. s.r.10 CompZexes with Sdentate Nitrogen-Carbon Donor Ligands 

bk2NC&C?Je2CHKI+CH~ reacts with [W(PiXW2C12] to give a bidentate IV-C 

ligand in which the olefin has inserted into the W-Cl bond {reaction (57)) 

13701. In contrast bfeSC&cMe~cH~CH=Cg~ forms a sulphur-alkene cmplex after 

CPd(PhCN)2C121 + CH&XKH2CMe2CH2NMe~ - (57) 

a 1,2-shift of the double bond. The reactions of N,Gdimethylbenzylamine 

complexes of pallxiium(I1) with isocyanides follow Scheme III [371]. The 

P \-/ 7, 
NPd\ 

!ie2 

RNC 
A 

2 

(A = halide bridge cleavage: B = insertion into Pd-C bond) 

SCHEME III 

palladation of azobenzene is catalysed~by [CH$O~]'. [ClCE~CO ]-, [Oh]- or 

EtsN; the catalytic activity is independent of the nature and concentration 

of the catalyst, but increases in the presence of chloride ions [372]. A 

comparison of structural studies upon azobenzene derivatives indicates that 

the coordinating ability of the azo group, and the pzilladocycle ring size. 

depends on the steric, not electronic, effects of the substituents [373]. The 

reactions of the platinm(I1) cmplexes of the tridentate N-C-N ligand, (841, 
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CH,NMe2 
L 

(84) 

are shown in Schane IV. Of particular interest is the addition of Ethyl iodide 

_ 
N 

(I 
c- Pt -Br 

_u N 

I AdBFt.1 

-pt- 

N 

(I 
C- Pt - 

u 

F4B 

N 
(85) 

-Iv 

to (85) to form (86). in which the methyl group bonds to the phenyl group, v.h 

still remins coordina.ted to platinum [374]. The palladated ferrocene, (871, 

has been shown by X-ray diffraction to have an R-configuration at the chiral 

CH3 

ich 
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carbon, and an S-configuration at the substituted ferrocene moiety [375]. Cyclo- 

palladated ccmplexes of 1-ethyl-%phenylfmidazole have also been described 13761. 

CMmes are widely used as protecting groups in organic chemistry which cau be 

reconverted, after chemically mdifying the mlecule elsewhere, to the original 

carbonyl canpound= Accordingly, the cyclopalladation of oximes was studied 

[377]. GELt-butylketoximes (R = Me, Et or Ph) are regiospecifically cyclo- 

palladated, according to reaction (58). Ketfximes less sterically hindered than 

OH r 1 

I + Na2CPdClt,l 

CO-I,), 

methyl-t-butylketo (suchasoximes of trimethylacetaldehyde, methyliso- 

propylketone, diisopropylketone, methylethylketone or 2-methylcyclohexanone) 

do not give cyclopalladation, Inrt dark intractable products. Hydrazones were 

studied next, as they have a lower energy barrier to rotation about the XX& 

bond [377]. Methyl-t-butyl-M,N-dimethylhydrazone cyclopalladates regiospecifically 

on a single methyl group (reaction (59)), whereas less hindered hydrazones do 

Chile, 
/ 

Me,M=C \ + Na2CPdClrl + NaCOzC?del - (59) 

C”3 

2 

not cyclopalladate. Acetophenone-N,N-dimethylhydrazone cyclopalladatee 

specifically at the 2-position of the phenyl ring, and not on the methyl group 

(88). !LIethyl-t-butylke&zine cyclopalladates on the t-butyl methyl group, <se). 

I 2 

(88) (89) 
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Acetoxime Sally1 ether in methanol cyclopalladates with concanitant attack of 

methoxide to give (90) [377]. 

\ 
OMe 

(90) 

2 

6.5.4.11 CompZexes with Monodentate TerGzry Phosphines 

Normally only the bans isuner of [PdCP(alkyl)3)2C12] can be prepared. 

Rowaver, xenon arc irradiation of tmns-[W(PRua)nC12] in nitranethane at roan 

temperature gives a mixture of cis (75%) and trcnzs (25%) isaners, frcm v&rich 

the cis-iscxner can be isolated by evaporation in a stream of dinitrogen, 

followd by addition of ether to precipitate the cis-isaner (leaving the 

trans-isaner in solution) [378]. Alternatively photolysis of trans-[Pd(PE&)zC12] 

in hexane at 0 OC precipitates the cis-isaner, which has Pd-P and Pd-Cl bond 

lengths of 2.239(2) and 2.417(2) i respectively, and a PI%P angle of 105.75(5)O 

indicative of considerable steric crowding [378]. An X-ray study of trans- 

[Pt(P(cych),}J&] shows that the W-P bonds (2.337(2) b> are 0.034 1 shorter 

thaninthe correspondingiodidecanplex, where steric crowding is greater [379]. 

X-ray studies of [Pt(PEt3)3X]Y (X = H, Y = [PFs]; X = F or'C1, Y = [RF~]) show 

that Pt-P bond lengths trcms to X follow the expected t-s-influence order of 

X; H (2.335(4) A) > F (2.239(3) A> > Cl (2.251(3) A>. Pt-P bonds cis to X 

decrease as the size of X decreases in the order; Cl (2.353(3) A) > F (2.337(4) ii) > 

H (2.300(3) d) 13801. Cis-[Pt{P(Cb%r)2PhjrC12] is a very distorted square- 

planar umplex, with F%%P = lC17.3(4)~ and r(Pt-P) = 2.358(6) A. The stability 

of this canplex in spite of the &s-relation of the bulky phosphines is due to 

inter-meshing of the phosphines r-3811. In trans-[Pt(P(CbIep)s}2H2], the nWzual 

repulsion between the phosphines leads to P&C (mean = llO.S") greater than 

tetrahedral values, and C& (mean = 108.1°) less than tetrahedral values. The 

maxinum cone angle of the P(C%Ses)B wiety is 184O, which is less than found in 

uncrtied P(CMea)p ccmplexes [382]. 

A lg~ and 31~ dynamic NMR study 0f [~~CP(C~F~)~~(PR,)XY] (R = CUFF, x = Y = 
Cl or I; R = Ph. X = Y = Cl; PRa = PPhMe2, X = Y = Eh-; PR3 = PMePh;!, X = Ph, 

Y = Cl) d-n&rated restricted rotation at low temperatures about the Pt-P and 

P-C bonds, with a preferred confonaation in which none of the P-C bonds lie in 

the platinum square-plane. The mechanisn of helicity reversal of the propeller- 

shaped P(CSF~)~ ligand is a ~WJ ring flip [383]. A 31P NMR study of several 
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4-substituted triarylphosphihes has provided further evidence against a simple 

dependence of =Pt- 31P coupling constants on the basicity of the phosphine 13841. 

Multinuclear NMR studies of[Pt(ITh3)sR]+((R = C&X; X = H, Me, CF3, Ph, CN, (HzCN, 

CH2CH2aT, 2-&H&N, NO2 or CCC&) found changes in 1J+,t_Cis_31p are as large 

as chanF=s in J=95pt-*pans- 31p, with a rough inverse correlation of the two. An 

X-ray diffraction study of [Pt(PblenPh)3(CH2(N)][PF6] found P(F~-P)<~~~~ to c) = 

2.395(5) I!, the longest bond of this type yet observed, whereas r(Pt-C) was 

2.023(16) 1, one of the shortest yet found; r(Pt-P)<cis to c, at 2.339(4) and 

2.302(5) H are not unusually long [385]. 

Cis-rM(PhzPCXR)nClz] (M= Pd, Pt; R = CFo, Ph or Cbk,) undergo a-facile 1:l 

reaction with secondary phosphines (PR'R"H; R' = R" = Ph, C~HJN; R' = Et, R" = 

Ph) to give stereospecifically cis-[M(Ph2WI=C(R)PR'R"-cis]C12] [386]. Reaction 

(60) provides a simple synthetic route to [FTLL'XY] complexes, which unexpectedly 

cis-[PtL(PEtB)Clp] ,'. ;;$="*[PtL(PEts)HCl] + [Pt(PEta)2HCl] + [PtLzHCl] 

L= 

L= 

L= 

display an 

scrambling 

PPhpble 2 1 1 (60) 

PPhs 4 1 1 

Aspha sole product 

extensive chemistry without disproportionation, a.lthougb sass 

doesoccur. This depends on L and L'; the less alike they ace the 

less scrambling occurs. The reactions in Schms V and VI indicate that low 

RCXR 

I==-== 

Et P R 
3\ 

Ph,As’ 
Pt-ij 

R 

? 
T 

--CP(PEt3)(AsPh3)HC1]- 

RCZCR 

<R = CFa or COOMe) 

R 
\ F 

Et3p\PtNc=c\ 
Ph As’ ‘Cl ” 3 

Ag[PFs 1 

allene 

AgENo 3 1 

I 
H 

'Pt ’ 
PEt, 

Ph As’ 3 ‘NO 3 

SCQENEV 
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cis-[Pt(PEt3)(AsPh3)MeZ] e&s-[Pt(PEt3)(AsPh3)b¶eC1] 

I 
I 

MeOOCC=CCOOMe 
SnC12, 

I YIeOCCC=CCOO?de CIQCl2 

MeOOC COOMe 

Me 

Et3p,pt>=c<b*e 
‘c=c/ \AsPh 

bleOOC ' 'COOMe 3 

r 1 

Et3p\pt/c1 

Ph,ns/ \c==c/ble 

bIeOOC' 'COOb!e 

symnetrymixed ligand cunplexes can hepresemedthrough awide range of 

reactions [3873. 

The chemistry of [Pt(PPhs)sC1][TiSC1u ] has heen invekigated [388]. The 

hydrolytic decmposition of Naz{(PPh*C6H4SOo)((W)Pd(u-OzCbie))2] yields at first 

mnonuclear Na[W(PPh2C6HrS0,)(OH)2(H20)], with subsequent formation of 

Pd(QH)z and free phosphine [389]. The acid dissociation constants of 

[PQPR~)L(HzO)Z]~+ (PRp = PBuS or PEtzPh; L = b&80 or thicdiglycol) have heen 

detezmined [390,391]. 

The cis-tram isanerisation of bisphosphine canplexes of palladium(I1) and 

platinum(I1) has heen widely studied 1392-3951. A study of the pressure 

dependence of the isanerisation of [Pt(PEt3)2RX] (R = alkyl, X = halide) 

suggested that the first stepmusthe associative rather than dissociative as 

previously suggested; [Pt(PEt3)2R(solvent)]X is suggested as the product of 

the first stage [393]_ Dichlorunethane solutions of [PtL2X2] with added L 

(L = P&s, PEta, PBu3, P(4-tolyl)S1 contain cis- and tzwzs-[P&X2], [ptLxX]+ 

(when X = Cl or Br) and square-pyramidal [PtLsX]+ (when X = Cl, Br or I) with 

apical halide [394]. Theonly five-coordinatespeciesohservedthatcontained 

three phosphines was [Pt(PMe~)&]. nP Nb!R studies show there is intr~lecular 
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PbIea exchange between [PtLsCl]+, [PtLZl]+, [PtL3Iz] and free PMea. The ismer- 
isation of [PtLzXz] in dichloramethane appears to involve rapid displacement of 

X by L, followsd by slow displacement of L by X, and not pseudo-rotation of a 

five-coordinate intermediate_ X-ray diffraction shows Pt-P bond lengths in 

[Pt(Phk3)$1]Cl of 2.242(3) 1 t mns to Cl, and 2.338(2) L! cis to Cl, with the 

anionic chloride not located in an axial position corresponding to a fifth 

coordination site [394]. 

Bis(l-substituted-3,4-dimethylphosphole)palladium(II) dikilide cunplexes are 

all cis in the solid state [395,396]. In solution, solvents of increasing 

dipole mment tend to favour the cis-isaner. A plot of AS against AB for the 

cis-tram equilibrium is linear, with phosphines fitting on the same plot. 

Thus although palladium(II)-phosphole bonding is stronger than palladim(II)- 

phosphine bonding [395], the cis-trans differences for phosphole and phosphine 

cunplaes are ab&t the same [395]. A conductance study suggested that cis- 

trans i smerisation of [Pd(phosphole)2X2] in chloroform occurs by pseudo- 

rotation in a five-coordinate canplur, whereas in nitrcmzthaue formation of 

[PdL3X]+X- follomd by displacement of L by X- occurs [396]. 

The tertiary phosphines (91) coordinate to palladim(I1) and platinum(I1) 

through phosphorus only 13971. Cyclotri-X5-phosphazenes, (92), foxm cis- and 

Cl 

(91; 3 = Ph or cych; 

n = 2, 3 or 

tram-[PdLzXz] canplexes, but 

ethanenitrile [398]. 

Ph dZ,Ph 
*II I * 

N\ r 

‘; 
Me 

4) 
(92) 

only tram ccmplsces with platinum(I1) in 

6.5.4.12 Complexes with Other Unidentate Phosphorus Ligazds 

The stability of [P~LZ<SCN>~] varies with phosphorus ligand in ethanol in 

the order of L = PEt(CPh)z > PPh,(CEt) > PEt*(CPh) > PEt9, and in ethanehitrile 

in the order PPhz(CEt) > PEt(CPh)2 > PEt2(CPh) Y PEt3 (3991. K2[Pt14] reacts 

with PPh(OEt)z to form trczns-[PtEPPh(CEt)21212] which on heating to betwen 

115 and 140 OC gives the cis-isaner [400]. 31P NMR parameters for trialkyl- 

phosphite ocmpl~es of pdLladium(II) and platinum(I1) have been reported [401]. 

Reactions (61)-(63) have been used to prepare palladium(I1) and platinum(I1) 

canplexes of (MeO)zpo [402]. [PtCS&NR2)(Ph~PO)~H] reacts with BF3.Etn0 to 

replace the hydrogen by BFr {reaction (64)) 14031. Reaction of K2[PtCl,,] with 
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carbon of (~esC)2P(Q12)5P(~a)2has been metallated [407]. Platinum also 

metallates the central carbon of (MeaC)2P(~2)2~Ie(~2),P(~,), whereas 

palladium(I1) does not [409]. Trifluoroethanoic acid reacts with 

I(Pt((~~BC)2P(CHZ)p~!e(M2),P(ChIe3)2)Cla)zl to foxm cycloplatinated 

~ptC~~le~C>~~~(31~~~cMe~cH~~2~~~~e3~2~~ococFs~1 14091. 

E&h [Pd((-)-diop)Cl2] and [Pt((-)-diop)Cl~], which are isostructural, have 

tm nor+equivalent mlecules in their unit cells with different confomations 

of the seven-membered rings; the tv.o molecules are roughly related by a centre 

of symetry 14121. These results do not provide an explanation for the high 

efficiency of the chiral ligand diop in promoting asymmetric reactions. However 

different conformations of [pt(diop)2] are known to occur in solution, the energy 

barrier for their interconversion being rather low (AGL = 48 kJ_ nol-') [413]. 

A confonnational adaptability of the ligand with respect to the substrate in 

the catalyst-substrate complex could well be an important factor in determining 

asymmetric induction by diop 

The presence of proximate 

Pd or Pt) gives rise to son-e 

14141. 

acetylenic groups in cis-[M(Ph2PC=CPh)2C12] (M = 

unusual coupling reactions {reaction (67)) [415]. 

Yh 

cis-CPt(Ph~PCZL'h)2Cl~] C&6 
ref lux 

m (67) 

Pb 

The crystal structure of [Pt(cis-Ph&%&CHPPhz)(CF~)Cl] shows P(P~-P)~~~~ to CF = 

2.275(4) 1, r(P+-P)trmzs to Cl = 2.236(4) A, r(Pt-Cl) = 2.346(4) A and r(Pt-C> =3 

2.188(8) 1 14161. Kz[P~CL,] reacts with (Ph2P)2NH to form [Pt(Ph&NHPPh~)~]C12 

[417]. When [Pt(PhzPCHWh2)Xg] (X = Cl, Br or I) is heated, the phosphine 

undergoes inner-sphere oxidation, whereas with [Pd(dppe)X1] no such reaction 

takes place 14181. Nkrrwnductanceme asurenents in ethanenitrile are a useful 

way of determining the charge on a ccqlex ion. Asurveyof arangeofmetal 

ccxnplexes including aeny pallaclium(I1) and platinum(I1) cuqlexes of bidentate 

phosphines indicated that typical values of the slope of a plot of ('Lo-s) 

against=' {where G is the conductance at concentration c (equiv 1 
-1 

), and 

A0 is the conductance at infinite dilution} are in the ranges 300-500 (l:l), 

600-1100 (2:l) and about 1300 G-l l3 equivmb for 3:l electrolytes in ethane- 

nitrile [419]. 

A single crystal X-ray diffraction study of [Pt2(LL-dpFm)2bleB]PF~ (93) shows a 

the presence of a platinum(I1) dZ2 + platinum(I1) d x 2 _y2 donor + acceptor metal- 

metal bond [420]. 
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~.s.G.I~ CompZexes with tiZtidentate PhosPhines 

[pt(p-p-p)x]+ and [pt(p-I-P)Y]~+ (P-P-P = PhPE(CHz)#Phz}z; X = Cl, Ncs, NCz, 

CH3A 
a 2.06(4) A e 2.338(7) 1 

b 2.10(3) 1 f 2.293(7) ii 

c 2.08(3) 1 g 2.263(7) ii 

d 2.314(7) I( h 2.769(l) 1 

(93; P--P - dppm) 

H, C&, CR&N, CCCMe, C3H5 or Ph; Y = P(oMe)3 or PEts) have been prepared and 

characterised. 31P NMR studies indicate that u-donor ligands that exert a large 

tram-influence (such as methyl or a-allyl) display a small &s-influence, 

whereas ligands that exert a mall truns-influence (such as chloride) exert a 

relatively large &s-influence [421], contrary to earlier predictions [422]. 

The tram-influence decreased in the order Ph- - u-CSH5- > CCUble- > CH3- > H- > 

C&C% > PEt3 > P(OMe)g > NOz- > KS- > Cl-, and the cis-influence decreased 

in the order P(OMe), > KS- > Cl- > PEt3 > NOz- > C&CN- > CCOMe- > H- > CHj- > 

Ph- > u-C3HS- [421]. The addition of R,(Me2CHO)2_n P(0)CH2CH=CH2 to R'PH(CHz)pPHR' 

gave CH21CR2PR'(CH2)3P(0)(OCHhie2)2_nRn)z, which on hydrogenation with Li[AlH4] 

gave H2_nRnP(CH2)3PR'(CR2)aPR'(CH2)3PRnH2_n (where R,R' = Me or Ph; n = 0 or 1). 

These ligdnds, L, cunplex with BCl;! to form [h%]Cl~ (M= Pd or pt) 14231. 

~.S.G.IS Complexes with Bidencate Phospfiorus-Ztrogen Ligands 

'Ifvo equivalents of <94), L, react with Na2[PdC14] in methanol to form 

a 2.393(l) II b 2.2g4(1) H 

c 2.229(l) A 

I b d 2.078(4) i( 
(95) 

Cl 
trc~~a-[PdL~Cl~] in which only the phosphorus is mordinated. When only one 

equivalent is used, (95) is formed, in &ich distortions are present that 

drastically reduce the 8-ble . . . . Pd and 8-E . . . . Cl interactions: the chloride 

trans to phospporus is 0.66 1 out of the PdNPCl plane. In view of the strain 

in (951, it is not surprising that it readily reacts with pyridine to fom 
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[PtL(py)Cl~], in which (94) reverts to a unidentate phosphorus donor 14241. 

6.5.4.16 CompZexes with i?identate Phosphorus-Carbon Ligands 

An X-ray analysis of the product of reaction (68) shows Pt-P bonds of 

+ T1C02C31el 
2. Add PBz3 

2.277(2) f and Pt-C bonds of 2.067(7) A [425]. This is believed to be the 

first cis-dimetallated canplex, although similar cis-dimetallated canplexe~ 

are also fo& in reaction (69): sune reactions of these flexes have been 

+ Cbl(EtzS)zClzl 
-20 to +20 Oc 

PR, 
0.4 = Pd or Pt) 

CR = Ph.He or CMea) 

BC1 
c 

Br2 
* 

(M = Pt) 

(69) 

f32 R2 

+ 2Et2s + 2LliCl 

(70) 



379 

investigated {reaction (70)) [426]. 

6.5.4.17 Complexes with Arsines 

Nap[PdCl,] reacts with As(cEle~)~ in absolute ethanol at roan tmperature to 

form t~~~-[W(As(Qdes)3)nHC1], which is stable at roan tanperature as a solid 

for several months. On dissolving in benzene, it slowly cyclanetallates 

(reaction (71)) to form hydride bridged dimers [4!Z7], in contrast to 

tP~m-[PdlAs(cMe~I,IzHC11~ 

[ 

(CMe3)2 

jAS\ /"\ FH2\ 

Me2c\cH /Pd\H,Pd,As/c~e2 

2 
(Cbleg)p 

I 

+ 

(71) 

I 

(CMe3)2 
/As, ,H\ ;:E3c 

Me2C\CH ,pd\H,pd\ ye2 

2 CH2 1 
L -I 

Pd-H bond cleavage 14281. 

or CNEt3MelCM2161 to form 

kk Ph 

trams-[Pd{P(CMe3)3)~HCl] which cvclanetallates with 

(96) reacts with [M(PhCN)2C12], Na,[lWEk+], ptBrz 

CH2 CH2 

I I 
PhpAs AsPha 

(96) (97) 

trans-[ML&J (M = Pd or Pt; X= Cl, Br or I). An X-ray study of the trans- 

[ptU&] L = <96) showed pt-As bonds of 2.380(l) and 2.370(l) 1 and Pt-Cl 

bonds of 2.304(2) and 2.308(2) A, as well as confirming the trans-bidentate 

coordination of the ligand [429]. (F~R,SS)-~,~-(P~M~AZ~)~C~H,, has beep resolved 

into its enantianers by fractionally recrystallising the internally ciiastereo- 

isaxric palladium(I1) canplex, (971, in a pr ocedure which constitutes the first 

satisfactory route to optically active tertiary arsines (4303. X-ray diffraction 

was used to determine the absolute configuration of the arsine in (97). as well 
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as to show that the P&As bond tram to carbon was very long (2.462(2) ii), &ilst 

that tram to nitrogen was very short (2.339(2) A) [431]. The X-ray determined 

structures of ~~~o-[P~CRR,SS-~,~-(P~)~C~H~~~IX~ (X = Cl or I) were also 

reported [431]. C~~2~2AsWWIWH2AsJle212, As-As-As, ferns [Pd(As-As-As)Cl]Cl 

[432]. The X-ray structures of (98) and (99) show that arsines have a strong 

1. [b¶eO]- 
2. hfacacH (72) 

a 2.12(2) A d 2.274(4) II. a 2.05(Z) H c 2.11(l) H 

b 2.19(2) i e 2.318(4) 1 b 2.275(2) i d 2.06(l) w 

c 2.317(l) d 

The alkene lies at 83.6S to the square plane 

(98) (99) 

srans-influence relative to alkenes and chloride ions (the latter by canparison 

of (99) with [PtCl(y-acac)(acac)]-) [4331. 

6.5.5 Complexes with Grasp IYB Donor Liganxls 

Clearly the majority of the canplexes involving Croup IVES ligands are 

"organanetallic cunplexes", and therefore have been specifically excluded frcrn 

this review. 

6.5.5.1 Carbony 2 Camp Zexes 

The synthesis and properties of palladiurwcarbonyl complexes [434] and the 

photochemistry of transition netal carbonyl cunplexes have been reviewed 14351. 

The 13C NMR chemical shifts in [pt(PR3)(CO)Cl(Ph)] and [Pt(PR,)(CO)X(R’>l (R = 
alkvl or aryl) and the '%t- % couplingccnstantsarenmrkedlyaffectedby 

changes in the cis-ligands, as well as those srans to CO, whilst (contrary to 

previous reports) the electronic charge on the cunplex does not exert a 

daninating influence on these parameters [436]. It is normally assumed that 

the product of the reaction of [@~Lx~)~] (L = PRB or As&) is cis-[PtL(CO)Xz], 

but in fact the initial product is the trans-isaner [437,438]. Trans + cis 

isanerisation is rapid and can he ccmplete in less than one hour in the presence 

of carbon monoxide, although if the excess carbon monoxide is removed isanerisation 
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is slower, taking one to three days. This enables tram-isaners to be isolated 

and stored in the dark at -10 OC for a few days. The isunerisation is catalysed 

by W light, and same [@tLK2>2] is also produced [437,438]. 

Coordinated carbon monoxide in [Pt(PEta)&l(CO)]+ reacts reversibly with 

water according to reaction (73) [439]. The product, <loo), is air stable for 

[Pt(PEt3)2Cl(CO)]BF,, + H~O,propanone,[Pt(PEt&Cl(COCX-I)] + HBFI, (73) 

(100) 

several hours at ram tsnperature, but decanposes on prolonged standing, or 

in vacxo, or on heating at 170 OC for 15 minutes, to give [Pt(PEt3)2HC1] and 

carbon dioxide. Extraction of K[Pt(CO)Br3] by dibutylsulphide in benzene is 

rapid and canplete, with formation of [Pt(Bu2S)(CO)Br2] [440]. 

me catalytic properties of [(pt(CO)C12)z] in hydrochloric acid solution [441], 

and the binding and activation of CO, CO1 and NO and their hamgenously catalysed 

reactions [442] have been reviewed. The rate of oxidation of carbon monaside in 

a solution of PdC12 containing KBr, HCl and traces of Fe(II1) or Cu(I1) is 

proportional to the concentrations of palladium(I1) and carbon mno..ide [443]. 

6.5.5.2 Cyanide Complezes 

Ba[Pd(CX),,].4H20, B~[P~((TJ),].~H~~ and crystals containing both species have 

been studied by polarised reflection spectroscopy. A UV-VIS absorption band is 

found in the solid state spectra, associated with a highly'delocalised excited 

state 14441. 'l'he kinetics of the thermal decanposition of clathrates of the 

type [Cd(NH~>z][W(CN)~].2G and [Cd(en)][Pd(CN)4].2G (G = PhOB, CsH6, thiophene 

or pyrrole) have been studied 14451. The themal decmposition of [Ph~I]~[M(~)~l 

(bl = Pd or Pt) involves formation of a mixture of iodobenzene and benzonitrile 

below 400 OC, and cyanogen above 400 OC [446]. Extraction of one cyanide ligand 

fran [Pd(dppe)(CN)2] with silver perchlorate yields a mixture of t\m mxnpouncis, 

believed to be the tetramer s (101) and (102) [447]. 

Y 
P--qd--N3C- 

\ P 

(102; P-P = dppe) 

1 
4+ 

(101; P-P = dppe) 
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6.5.5.3 Isocyanide CompZexes 

The crystallographic Parameters of [Pt((NEt)4][Pt((N)r] have been detexmined 

fran X-ray powder data [448]. Polymeric (Pd(CNR).3)n, with bridging and texminal 

isocyanide ligands, is formed when palladium is vapourised into an F@TC matrix 

(R = Me or C6Hu ) 14491. A study of the electrochenical bebaviour of cis- 

[M(PR~)(ArNC)Cl~] indicates that, when M = Pt, Pt(I1) is reduced to pt(O), 

whereas, although at rcxm temperature Pd(I1) is reduced to W(O), at 0 OC Pd(I1) 

is only reduced to W(1) [450]. Tram+[Pt(PRa)(ArNC)&l]+ are oxidised electro- 

chemically to platinu?n(IV) in a tm-electron process, but reduced to platinum(O) 

in two successive one-electron processes [451]. 

Treatment of [Pd(PPha)s] in toluene with two equivalents of an isocyanide, 

followed by addition of ethanolic hydrogen chloride, yields (103) by reaction (74), 

[Pd(PPhS)b] + 2 PBeCC6H+NC '- toluene . I 
2. addition of HCl 

L 

in EtOH (Pd:HCl= 
1:l) at -70 OC I PPh3 T;C6H40Me-4 

I /c-II 
Cl-Pd-C 

I \ 
PPh9 

NC6H40Me+4 

through an initial palladium(O) isocyanide canplex, oxidative-addition of 

hydrogen chloride and subsq-t isocyanide insertion into the W-R bond [452]. 

(103) reacts with Lewis acids to form five-membe redring cunpounds {reaction 

(75)). An X-ray diffraction study has shown that the N=C-C=N group in (104) 

ccio41 

(75) 

(74) 
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Cl’ 

a 2.41(l) A 

b 2.34(l) H 

c 1.98(l) A 

(104; R = CsHb-4-OMei (105) 

is trans. virtually planar and nearly nomal to the palladium(I1) coordination 

plane 14531. Sterically hindered rotation about the Pd-C bond accounts for the 

inequivalence of the phosphine methyl grasps in (105) 14531. 

6.5.5.4 DiazomethyZ CompZexes 

[Pd(PPhs)2C1(CN2R)] (R = CCOEt or bkC0,) have been prepared fran [Fd(PPh,)~Cl~] 

and Hg(cNzR)z. [l%i(PPh3)2(CN1R)2] (R =COOEt, Meco2 or Ph) can be prepared 

either by reaction of [Pd(l?Ph3)2C12] with LiCN2R or by oxidative-addition of 

Hg(C%R)z to [PdWha),] 14541. 

6.5.5.5 Carborane CompZexes 

[N(PMN)&12] (N = Pd or Pt) and [1Y(Et2S)2C12] react with 1-lithic+2- 

dialkylamino+nethyl-o-car boranes to foxm canplexes in which C(BlOHHI, )CUi2NEt2 

acts as a bidentate N-C ligand [455]. The structures of <106), (107) and (108) 

prepared by reactions (76) and (77), have been determined by X-ray diffraction 

[456,457]. When <109) is recrysta.llised fran benzene, chlorofom, dichloro- 

methane or propanone, (110) is formed by insertion of platinum into a EH bond 

[458]. EHbS3 calailations on the trigonal. prisnatic platinoboranes and 

carbaplatinaboranes, [BBEP~(PH~)~)H~]~- and [B6C2Wt(PH3)2)HB]r have enabled 

the observed conformations of these molecules to be accounted for in terms of 

the nodal characteristics of the frontier orbitals of the constituent pt(PH3)~ 

and borane or carbaborane fragments [459]. Sealed tube pyrolysis of 



Li 

(76) 
cis-CFt(PBz~)zClzl + 

I heat to 100 OC, -32 

W.3 

a 2.415(3) A c Z-073(9) A 

b 2.279(3) A d 2.305(Z) i% 
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[nido-p 4, ,-Ctr~s-Pt(~t3>2H~-~5 -H-2,3-Nes-2,3-C2B4H4] 8 affords the cZoso- 

carbmstallaborane [l,1-(PEtB)a-i,3-bie2-l,2,3-PtC2B,Hr], together with loss of 

a molecule of hydrogen. By contrast pyrolysis of [nido-u, s-(trans-Pt(PEt.,),H}- 

us s-H-2,3-C2B4Hs] loses hydrogen and gives separation of ihe cage carbon atans 

on'pyrolysis, forming [cZoso-l,l-(PEts)z-1,2,4-PtC2BsH6] [460]. 

6.5.5.6 Complexes with Silicon Donor Ligands 

The kinetics of the cleavage of the aryl-silicon bond in Mele3SiC6HUR (R = 

H, 3- or 4-&z, -Cl, -oMe), in the presence of L&[PdCL,], are first-order with 

respect to arysilaue except for the 4-met.hoxy derivative. where a second-order 

dependence is found 14611. The preparation and electronic absorption spectrum 

of [Pt(PPh3)2ISi(CsFs)3)IHgSi(CsFs)s)] have been re~ox-ted [4621. Reports of the 

effectiveness of [(~t(P(cych)~)(SiR~)(~-H)}*], <ill), as a hydrosilylation 

hexane, ref lux 
30 min 

Me, -_-_-?_---_Si 
a 2.708(l) A d 1.78 A 

HAwy \pt/P(EYCh's 

-___%___,, 

_ kych) P’ \Si’ ‘H 

E ;.%Y?3;;; f e 1.72 1 (76) 

3 . .._._*__._ 
Me2 

(112) 

catalyst for alkynes and c.i3-unsaturated aldehydes and ketones have appeared 

[463,4643. On heating <11X) udder reflex in hacan e for thirty minutes, the 

phenyl groups of the Si?&+Ph groups are lost to yield (112). which shows no 

hydridic 'H NMR resonance above 0 6, and exhibits v(PtH) at 1650 cm-1, indicative 

of a thre+centre tw-electron PtHSi bond [465]. (112) can also be prepared by 

reaction (79). 

[IWP(cych)1)(CzHr)] + Me&R,-(112) (79) 

6.5.5.7 CompZexes with Germmiwn Donor Ligands 

A manbar of platinum(II)-germyl complexes have been prepared by reactions 
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(80)-(82) 14661. [Pt(PPha)2(HgGe(C6F5)3)(Sn(CsFs)s)], prepared by the reaction 

of [Pt(PPh3)2] with (CsFs)&eHgSn(C~Fs)3, has a cis-structure with 

[Pt(PPb)al + (CsFs)zH-(CsFs)z -bt@Ph, > &I{Ge(GF, )&~(&-Fs 12fIll + PPha 

b’t<PPha)21 (81) 

t 
[(Pt(PPh3)2H)CGe(C6Fg)2Ge(C6F5)2)EPt(PPhs)sH)l + =‘hs 

[Pt(PPhg)a] + Ge(CsFs)aEX 'E = ' Or '=',[P~(PP~~)~H(EG~(C~F~)J)] + PI'b3 (92) 

r(Ft-Sn) = 2.518(2) A and r(Hg-Pt) = 2.617(l) A: in solution a slm cis-trans- 

isanerisation ocan-s [467]. 

6.5.5.8 CompZexes with Tin Ligands 

NMR studies show that cis- and trms-[PtLIClz] U = PE&, PEt2Ph, PEtPhz or 

PbfezPh) react with SnC12 in a range of solvents to fomn trme-[PtL,Cl(SnCl,)] 

in a reaction that depends only slightly on the solvent; in sane sqlvents 

trms-[PtL~(SnCl3)2] is also formed [468]. usPt-ngSn NblR couplings provide the 

largest one-bond spin-spin couplings ever observed: [Pt(SnC1,)5]3- and 

[PtC12(SnC13)2]2- have J(195Pt-ngSn) = 27640 Hz [469]; and trans- 

[Pt(PEt3)&3nC13)Y] have J('95pt-ugSn) = 28964 (Y = Cl), 20410 (Y = SnC13) and 

9067 Hz (Y = H) 1470.4711. These very large couplings are due to the relatively 

large gyramgnetic ratios of the nuclei, mined with the higb mtual polaris- 

ability of the s-orbitals on platinum and tin and the high s-character of the 

Pt-Sn bond, giving large values of ]Y(O)]'. Theobservationof afullspectrum 

when such large spin couplings are present can afford sams difficulty, and a 

caveat is given. In cases where there is no check on the basis of gyrawgnetic 

constants, the centre of the signal should be offset fran the centre of the 

spectralwindowto seeifpeakseparationswitbin the apparentmiltipletremain 

invariant. With this caveat, ~~NMRspectroscopy is avdluableandsensitive 

probe for the structure of these catalytically valuable complexes. The "P NMR 

Spectra of trrms-CPt(PEt3)2(SnC13),C12_,1 (n = 1 or 2) in propanone at roan 

temperatureshowno 31P-u%ucoupling, suggestingfastPt-Snbond-breakingon 

the NMR time scale [471]. Eq ux i ‘I'b ria (93) have been observed by NM9 spectroscopy 

[401]. A mixture of @'tCPh~P(CH2),PPh23C1~l and ShC12 is au active and 
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(M = Pd or Pt; R = Et or CHMe2) 

selective alkene hydrofomylation catalyst that gives 

ratio of aldehydes of 99:l 14721. 

TZWZ~-[P~L~H(S~&)] with bulky tertiary phosphines 

various routes [473]: 

a straight:branched chain 

have been prepared by 

(i) 

(ii) 

(iii) 

(iv) 

When L = P(cych)x, P(CHMe2)3, P(CMe3)Phz or P(CHMeEt)&e, they are 

formed by equimo1a.r reaction of HSnR3 with truns-[PtL2H2]. 

When L = P(CHM~Z)~ or P(CbIes)Phn, they are formed by oxidative- 

addition of [ptL2] with HSnPhs. 

When L = P(CHMe2)~, P(CMe3)Phz, they are also formed by reaction of 

trms-[PtL2H2] with CISnRs (R = Me or Ru) in the presence of 

pyridine in benzene. 

Finally, they are formed by sodium borohydride reduction of trans- 

[PtL2HCl] and ClSnPh3 in tetrahydrofuran, which occurs by reactions 

(84)-(66). 

tram- [PtL2HCl] + Na[BH,] -tms-[PtL2H2] + NaCl (94) 

ClSnPh, +NaSH,, -HSnPha +NaCl (85) 

trwzs-[PtLzHz] + HSnPh3 - Wm.+[PtLzH(SnPh:,)] (86) 

Reactions between [Pt(PPhs)2(C2H4)] and organotinhalides have been investigated. 

Whereas with SnPh2C12 platinum inserts into the Sn-Ph bond to form cis- 

k(PPhs)zPh(S~hClz)]. and with hk,SnCl it inserts into the .%-Me bond to foxm 

cis-[pt(pPh3),~~(S~,Cl>], it inserts into the Sri-Cl bond of SnhkpCl2, SnPhC13, 

SnMeC13 and SnClr to form cis and trmts-[Pt(PPh3)2C1(SnClnR3_,)] c474.4751. 

Competitive experiments indicated an order of reactivity in the oxidative- 

addition reaction of Snh&, < SnPhr < Snb&Cl < SnPh&l, Snble~C12 < SnPh2C12, 

SnMeC13 < SnPhCl, < &Cl,,; no radicals war-e detectable during these reactions 

r.4741. Coupling products are obtained in good yields fran the reaction of 

tetraorganotin canpounds or Grignard reagents with [Pd(PRI)2R1X], provided that 

a benzyl bxunide is-present [476]. The first step of reaction of 

[Pd(PPh~)2(CiI2Ph)X] with SnMe,, or h%b&$r is methathesis of the benzyl ligand, 

rather than the halogen. The reactions of Sn&X canpounciswithn~~no-, di- and 

tetra-cyano complexes of palladium(II) have heen investigated {reactions (87)- 

(89)) 14771. 
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Z[Pd(PPh,),(CN)(C,F,>1 + R3Sn(02C102) * 

PPhS 

I k 
‘gF5 

-Pd-CN-Sn-NC-Pd-C6F6 (87) 

I 
/\ 

rc10,1 

R R 
PPhS PPh3 

I 

[Pd(PPh,),(CN12] + Ph3Sn(02C102) 

Ph 

I 

PPhS 

I 

f f 

Sn-NC-Pd-CN 

/\ 

~C104 1 

Ph Ph I 
PPh3 

x 

(88) 

K,[M(CN),l + 2rsnR3s21cio4 w 

N N 
C C 

I I 
NC-bl-CN-Sn-NC-h¶-CN 

I 
/\ 

R R I 

R\Sn-* 
I 

/ 
R I 

I 
R--Sri 

IR 

I 
‘R 

I I 
NC-hI-CN-Sn-NC-M-CN 

I R’ ’ R I c c 
N N 

+ 2KC104 + 4s (89) 
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6.5.5.9 CompZexes with Lead Donor Ligands 

PbnPhs, PbPhl,, PhPhMea and PbPhsBr react with [Pt(PPh3)2(CZHb)] to give 

insertion into the Pb-Ph bond according to reaction (90) 14781. In contrast, 

k(PPh,),(C,H,)I inserts into the Pb-Cl bond of PbMe,Cl to give cis- and trans- 

[Pt(pPh,),Cl(WMe,)l. 

PbzPhg 

k'U='h, )2(WL 11 
/ 

decomposes in solution (90) 

PbPht, 

\ 
v 

cis-(pt(pPh3)2Ph(Pbph3)] 

6.5.6 Complexes with Group III Donor Ligmds 

The preparation, properties and structures of [f%X-9-Pt(PPhs)2(BeHn )] (X = 

CR2, NH or S) have been described [479]. PdC12 reacts with HzB~oX~~ or 

HPBUX12 (X = Cl or Br) on heating in aqueous solution, followd by the 

addition of triphenylphosphine in ethanol, to form CPd(PPhs)2C112Y or 

Z{Pd(PPh3)$1)Y (where Y = [BloXlo] or [BnXn I), respectively 14801. One of 

the products of reaction of nido-decaboranyloxide, 6,6'-(BmHn )zO, with cis- 

[Pt(PJIe2Ph).Cl.] is [(Pt(~-173-BsHs)(P~e,Ph))2], litiich has a Pt-Pt bond (2.644 b> 

bridged by -hw n3-nido-hexaboranate ligands [481]. 

6.5.7 Hydride Complexes 

The effect of palladium hydride transformations on the formation of 

supported palladium catalysts foxmed by hydrogen reduction has been investigated 

14821, and novel Platinmhydride canplexes have been described [483]. Trans- 

b?tU~<Cbfe~)~f~H~1 can be prepared in good yield by the facile reaction of 

K&W%,] with As(CMe3)3 in alkaline ethanol [484]. With trifluoroethanoic 

acid or hydrogen chloride, trans-[PtUs(C!Mea)3)1HX] (X = CF3COO or Cl) is 

formed in almost quantitative yield fran the dihydride. The preparation of 

truns-[PtL2H(SnR3)] with bulky tertiary phosphine ligands was described above 

(in Section 6.5.5.7). R.ans-[PdLzHClj with bulky phosphines may be prepared 

by reaction (91). When the phosphine is P(Cb%,)3, the initially formed 

[Pt{P(CNes)a}HCl] loses [P(Q&)pH]Cl to form the uretallated canplex 

cIwc~cm4e3)2lJak2m21121 c4851. 

An X-ray diffraction study of trcuzs-1Pt(PPhS)ZH(~2CN)] shows r&-H) = 1.5 A, 

r(Pt-P) = 2.274(4) 1 and r(Ft-C) = 2.16(l) A, wfiich is the longest Pt-C bond 

reported so far [486]. The NblR spectra of trans.-[Pt(PR3)2H(SnCla)] (PRa = PPh3 

or PPh(CH,Ph),) show the largest tw+bond Sn-H couplings recorded so far. These 
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2[Pd(cod)C12] + NaOHa (91) 

4L <L = P<cych)x. 

P<CHhlen)a. P<CMe3)2Me 

01 P<CMe3)2Bu) 

t 
OMe 

2[PdL2HCl] + 

OMe 

extrane values stan in part frcxn the trans- ax-ranganent of these ligands and in 

part fran the presence of three strongly electron-withdrawing chlorines on the 

tin [487]. 

/R 
HCeCC, -R' + trans-CPt(PPh3)2HC11 <p;;;fym 

'OH alcohol) 

Cl-Pt-C--C-R' 

\ 
3 + trans-[Pt(PPh3)2HCll ~~;$~~or-- 

OH 

+H 
2 

(92) 

PPh, 

I 
Cl--Pt-CC 

I 
PPh3 

+ H2 
+ H20 (93) 
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The electronic structures of trms-[Pd(I&)&Y] (X, Y = H, Cl, OH or OzCMe) 

canplexes have been calculated by the CNDO method because of the value of these 

cuqlexes in the activation of dihydmgen [488]. In the reactions between 

tertiary acetylenic alcohols and trwzs-[PtLzHCl], no insertion into the Pt-H 

bondoccurs. In the presence of primary alcohols, alkynyl ethers are foxmed by 

reaction (92), whereas in the presence of secondary alwhols intramolecular 

dehydration occurs {reaction (93)) [4891. 

6.5.8 Complexes with Transition Metah 

Na[Lh(CO)5] reacts with cis-[Pt(PPh3)aClz] in tetrahydrofuran to form 3% of 

[Pt(CO),iMn(CO)5),] and 11% of (113) [490]. 

(113) 

6.5.9 Substitution Reactions of CompZetes of the Divalent Metals 

The first order rate constants of the reaction of [W(EL,dien)Cl]+ with hlE%r 

in water decrease with increasing salt concentration; the magnitude of the 

decrease depends upon M" in the order [NEQ]* > [NP~,]' > [NEt+]+ > Ctat+l’ > 
K" - Na+ [491]. The pr essure dependence of the rates oy solvolysis of 

[Pt(dien)X]+ in water, and of [Pd(Etbdien)I]+ in a series of solvents, all 

support an associative interchange mchanisn in 611 the solvents studied [492, 

493]_ Pressure dependencestudiesalsosupportan associative interchange 

mechauisn for the reaction of [Pd(Etbdien)X]+ with Cl-, Br-, Na-, I-, [SDJ]- 

or NH, entering ligauds [494]. 

A reinvestigation of the reaction of nucleophiles with [Pd(dien)(H20)]2C 

showed that only a k2 texm is present, decreasing in the order I- > [~cN]- > 

(CH,),cS > E3r- >NOz- 1 Cl- [495]; Previous reports of a kl term are in error 

[496]. The kinetics of solvolysis of [ptC1,]2- in HCl-HICIOI,] mixture in 

aqueous methanol or b&OOA have been studied at 308.2 K [497]. A study of the 

kinetics of the reaction of ethene with [PtCln(HZO)4_n]2-n (n = O-4), including 

the cis- and tram-isomers when n = 2, showed that 14981: 

(i) In trum+[PtC12(H20>2], both chloride and aqua ligamis are 

substituted by ethene in two parallel paths, differing in rate 
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by a factor of only 1.5, with chloride loss being the faster. 

(ii) Ethene is an inefficient entering ligand, like dmso. When water 

is the leaving group, the entering group efficiencies for chloro- 

aqua-platimxm(I1) canplexes are H20(-10S3) < &nso(O.3) - C2Hb(0.4) - 

Cl-(l) < Br-(4) < [BCN]-(40)~ I-(100). 

(iii) The relative tram-effects of chloride as opposed to qua ligands 

for the replaceme nt of Hz0 by L are Cl-(350) > Br-(200) - [xN]- 

(200) > I-(80) > dmso(50) > CzHb(10). 

(iv) Milburn and Venauzi's 14991 observation of no solvento-path was 

a consequence of having a large concentration of the leaving 

chloride group present, not to the non-reactivity of [PtCl,(H20)]-. 

The substitution of nitro-ligands in [Pt(N0~)4]~- by cyanide occurs practically 

irreversibly, with no appreciable axmunts of intermediate substitution products, 

in a reaction that is first-order in both cyanide and [P~(NOZ)~]'- [500]. A 

study of the kinetics of the substitution reactions of cis-[Pt(4_NGpy)2C12] 

with thiourea, (XX]- or I- in 50% aqueous methanol showed that initial-state 

effects are 1113x-e important than transition states effects [501]. The reaction 

of [Pd(acac).L] with amines to form [Pd(acac)(amine)2][acac] does not involve 

intermediate formation of [Pd(acac)(y-acac)(amine)]; indeed [Pd(acac)(amine)2][acac] 

is au intermediate in the formation of [Pci(acac)(y-acac)(axnine)] 15021. 

The kinetics of ring closure in K[Pt(amine)Cl~(NH2M&CO)] in aqueous organic 

solvents follmed the rate law (94). which ws interpreted in terms of 

k 
obs 

= k~k~K~[EUX]2 (94) 

r 

Kc! 
+ 2ROH c 

/pt 
Cl 

L 
\ 

NH2CH2CO0 

1 

HOR 

(95) 
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mechanism (95) [503]. The substitutions of _palladium(II) and platinum(I1) 

ethylxanthate and dithiophosphate canplexes by dithiocarbamate ion followci 

second-order kinetics 15041. 

6.6 PALUDIUN(1) AND PLATINUM(I) 

6.6.2 CornpZexes with Group VIE Donor Ligands 

A series of dioxygen-bridged palladium(I) cunpleves, (1141, have heen 

prepared by anion exchange, using superoxide as the sowce of dioxygen [5051. 

; N-C =d;aorF 

(114) 

These cunplexes react with alcohols, acids and various active methylene 

compounds to form hydrogen peroxide. 

The palladium(I) ethanoate-bridged canplex [CPd(u-O&Me)(u-CO)~s] contains 

tetranuclear clusters with a parallelcgram of palladium atans with Pd-Pd 

distances of 2.663(l) and 2.909(l) 1, and Pd&Pd angles of 96.64 and 83.36'. 

Tw sides of the parallelogram have bridging ethanoate groups, and t\w sides 

have bridging carbonyl groups 15063. A number of reactions of 

[{Pd(u-O$Me)(u-CO)]~j have been described {reactions (96)) 15071. When 

(96) 

[(W(PPh~)(OLMe)a~~] in dichlorcxnethane is treated with dihydrogen, purged with 

argon, and then treated with more [CPd(PPh3)(O&Me)212], [Pd(PPh3)(OSMe)], 

which has a Pd-Pd bond, is formed [~os]. palladium(I) wlexes with bridging 

carboxylate ligands have also been prepared by reactions (97) and (98) 15091. 
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_ 

Cl 

I 
dial-Pd 

Cl 

I 
Pd-dio 

Me Me 

(dial = 1.3-cyclohexadiene 01 

1,3-cycloheptadiene) 

1 

I 

+ Tl &$-I,] -[Pd(diol)(C5H,-)(02CMe)] 

(98) 

[Pd~PWiMe~)3 121 

(Me.CH)3P-Pd-i>d-P(CHMe2)3 

I I 
Q? 

C 

&le 

+ 

$2 1 
J L 

6.6.2 CompZexes with Phosphorus a& Either SuZphw or Selenium Donors 

An XPES study of [&J~(PR~)~(v-EPR~~)] (hf= W or Pt; E = S or Se> suggests 

that the ~tals are in the +l oxidation state, the canplexes being a mixture 

of (115) and (116) [SlO]. 

R’P - 
2l 

Fi,P-rul- M-PR, a 
I 1 
E- PR; 

R’P- 
“I f 

(115) <='.S 



6.6.3 CompZexes with Tertiary Phosphines and Arsines 

[Pt2Cl2(u--dppn)2] reacts with ligands L (L = PMenPh. PMePhz, PPha, NH3 or PY) 
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in the presence of [PF,l- to give Pt~L~(u-d~pn)~l[PF~l~. [pt2(NH~)~(u_d~pn)~~[PFsl~ 

reacts with carbon monoxide to give (~2(CO)2(u_d~pn)~][PF6]2; unsymmetrical 

[~2(CO)(NE13)(~-dp~)21[PF61z wa.s also prepared 15111. The structure of 

[~~C~(CO)(~-~P~~)~][PFBI~, (1171, shorvs ho square-planar platinum atans with 

a dihedral angle of 40.1° between the two coordination planes 15121. XPES 

Ph P- 2 

I 

pph, 

I 
CIA Pt APt’CO 

I I 
Ph,P 

3 2.623(l) 2 

b 2.384(5) ii 

c l-89(3) ii 

r(F%-P) = 2.291(5)-X308(5) II 

shdies of [WtC1~(wdppn)21 and [Pd2Clz(u-dpam)~], and their prmIucts following 

insertion of CO, h&NC, SO2 or S into the Pd-Pd bond, show either no change or 

only a dest change in the Pdgd binding energy; where obserz&le, the 

binding energies of the insertin~atase decrease, sanetimes substantially [513]. 

The structures of the So2 (two molecules distinguishable in crystal) and S 

insertion products are shown in (118); the sulphur insertion product arises 

Ph P- pph, 

,i La 
Cl 

Pd 

1 
‘S/ 

1 
O2 PPh Ph,P 

v2 

(118) 

Molecule A hblecule B S product 

r( Pd-Pd) 3.383(4) d 3.220(4) I( 3.258(2) d 

r(Pd-Cl) 2.381(4) d 2.381(4) A 2.360(5), 

2.383(5) ii 

r(W-S) 2.234(4) ii 2.241(4) ii 2.298(5) i% 

r(Pd-P) 2.344(4) I! 2.372(4) ii 2.327(5) A 

2.343(4) A 2.345(4) H 2.300(5) A 

r(S-0) 1.48(l) i 1.45(l) ii - 

P&d 98.4(4)O 91.9(4)O 90.3(2)O 

fran reaction of either cyclic Ss or propylene sulphide with [Pd2C12(u-dppn)2] 

15141. The Pd-Pd bond has been cleaved during insertion and replaced by two 

W-S bonds, so that it is Perhaps not surprising that the photoelectron spectra 

shw only snail changes in the Pd 
3ds 

bindingenergies. The similarity of the 
I2 
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u-S and u-SC2 products accounts for 

oxidised by 3-chloroperbenzoic acid 

oxidation of a coordinated sulphide 

insert into the Pd-Pd bond of [Pd2C12(u--dppm)2] to form a cis-dimetallated 

alkene product, (lie), with r(C=C) = 1.338(16) i [515]. Although reaction 

the fact that [Pd&12(u-dppn)z(uS)] is 

to the u-302 product, the first report of 

[514]. The alkynes RC=CR (R = CClOMe or CFx) 

(991, . 

Ph,P PPh, 

,~l=Q 

Cl 
I I 

‘Cl (119) 

with bridging dppe ligands, is not reversible [316], reaction (100) with bridging 

dppn is [517]. The different structures of the products of reactions (99) and 

(100) reflect the greater bridging ability of dppn. 

P 

I ” P 
Pt ’ ‘Pt 

/ 
4 I I 

‘H 

P P 

H 

PAP = dppm 

A 
P P= dppe 

+ 

+ co- 

[PFg] + CO 
25 OC. 1 atm; 48 h, 

n 
P i 

H-Tl;t-co 
pvp . 

6.6.4 Complexes with Group IiU? Donor Ligands 

[PF61 + Hz 

(100) 

The resonance Raman spectra of [PdS(~)6(PPh,)2][PFs]2 and [PdS((Bhle)8][PFs]2 
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show that, for the latter, vibrations excited at the wavelength of the lowest 

alloued transition (411 nm) are those arising fran the four ag-type skeletal 

stretching modes. Those excited at 473 nm, the lowest allowd transition in 

CPdB(~~)6(PPha)2]rPFs]2. are the four skeletal stretching nodes together with 

two arising fran phenyl group modes [518]. Sodium cyclopentadienide reacts 

with [{PdC12{P(0Ph),11z] in tetrahydrofuran at 0 OC to yield the palladium(I) 

complex (120) [5191. The platinum(I) cis-dimetallated alkene complex, (1211, 

MeOOC COOMe 
\e/ a 2.6354(8) & 

b 2.320(3) f! 

(PhOlo P--w - Pd-P(OPh)a 
b pF=c\d 

Ph,P- a-Pt-PPh3 c 1.85(l) 1 

I I 
c c d 2.07(l) 1 

g g 

e 1.34(2) f 

PtPtP = 169.4(lj" 

(120) (121) 

is formed when [Pt(PPh3)2(C0)2] is treated with BkGXC=CC ooh!e, and also when 

[Pt(PPh3)z(hIe00CC=CCCCMe)] is treated with carbon monoxide [520]. 

6.6.5 Hydride Complexes 

The novel dinuclear platinum(I) hydrides [pt2(dppe)&X (L = CC or FINC; 

X = [E%FI,] or I> are obtained by reaction of [PtZ(dppe)zHg]X with carbon monoxide 

or isocyanides [521]. 

6.7 PALUDIUN(0) AND PLATIMJbI(0) 

A theoretical model for the electrochemical synthesis of transition metal 

canplexes in lorv oxidation states has been developed on the basis of the 

principle of Hard and Soft Acids and Bases [522]. 

6.7.1 Complexes with Grotip VIB Donor Ligands 

The synthesis and catalytic properties of palladium(O) canplexes of dialkyl- 

sulphides have been reported [523]_ The reactions of [M(PPha)2(n2-CS2)] (hl = 

Pd or Pt) are shown in Scheme VII[524]. 

6.7.2 Complexes with Terticuy Phosphines 

The low tmnperature chemistry of [Pt(PPha)3] is significantly different to 
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[bl'<CO),].thf 

: 

'<I' = Cr orw) 

A&/ 
bWPh3>2121 + CS2 

2 

bWh3)2(n2-CS2)l 
(Far = Pd. Pt) 

3[{Y1<PPh3)2C1)*][BF412 04' = Pd or Pt.) 

\ 

Ph3P 

V 

/\ 
Ph3P 

PPh3 

/YEd' / 

\s/ \ 
1 

bF41 

//SW (CW5 
C , 

'S 

Ptih3 -PPh3 

1 

SCHEMEVII 

that at roan temperature 15251. Thus at -100 OC, equilibrium (101) lies far 

to the right in contrast to the situation at roan temperature; at -80 OC, 

KlOl =3x104M _ 
-1 

At -80 'C, reaction (102) goes virtually to canpletion, 

whereas at 25 OC, equilibrium (103) has Ku3 = 0.12; r;he driving force of the 

[~W’hs)31 + C&4 
Es 

,A b’W’Pb)z(CzH~)I + mhs 

(1011 

(102) 

(103) 

-80 OC reaction is at least in part scavenging of PPhS by [Pt(PPhs)3]. 

Dioqgen does not react with [Pt(PPh3)3] in toluene below -70 OC; at -70 OC, 
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Ph,P 

PPh, 

(122) 

cuq&xes that contain reactive C-X and/or C-Y bonds rearrange in solution to 

[Pt(PPh&X(YCW]. Sulphine canplexes can also be prepared by reaction (105) 

a + [Pt(PPhI)2(S02)] -PPh3' -'*IesSioLi w 
I Li+ 
Sihkq 

[Pt(PPh,)z( 

[533]. Oxidation of the product of reaction (105) with 3-chloroperbenzoio acid 

or [Pt(PPh3)202] yields [Pt(PPh,),(SO+)] and (123). Ethene is displaced fran 

0‘ 
C-3) 

x x 

x./j x 

-ti 
N 

* 
N 

(124; X = Cl or Br) 

[Pt(PPh,),(C2H4)] by Me~Si(Cb&)NP(S)=NCMe~ or (1241, L, to form [Pt(pPh,)zL] 

in which the fomer is q2-bonded to platinum through the P=S double-bond [534] 

and the latter is $-bonded through the N=N bond [535]. 

The dithioether 

by reactions (106) 

(124) and oxathiasoles both add oxidatively to platinum(O) 

and (107) [536,537]. 
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+ [M(PPh3)zL] ';r:yD 

<bl= Pd, L = <PPh3)2; 
” 

I = Pt. L = CzHl&) 

6.7.3 Cariaony2 CompZexes 

ph3p\ /“‘rf” 
Ph 

3 
/“\ /” 

S 

(107) 

When [Pts(CO)le 12- is heated under reflux in ethanenitrile, a lot of the 

carbonyl groups are driven off and [P~~~(CO)U]~- can be isolated in about 50% 

yield as its [E&N] salt 15381. This cmqlexisof particular catalytic 

interest because it is much closer in stoicheiunetry (CO:Pt ratio = 1.16:1) to 

a carbonylated metal surface (CO:Pt ratio _ 0.75:1) than any previously 

reported carbonyl (previously CO:M > l-7:1), although its catalytic properties 

have not been reported to date. Its structure is based on a pseudo-fivefold 

principal axis. The cylindrically-shaped PtB core, surrounded by 12 terminal 

and 10 bridging carbonyl ligands, may be envisioned as arising fran head-to- 

tail fusion of three eclipsed pentagonal bipyramidal platinum units at tw 

cursron axial platinum atans. These axial platinum at& are canpletely 

encapsulated within the Pt17 frame. The electronic structures of [(Pt,(C0)61n]2- 

(n = 1 or 2) have been calculated; the main electronic interactions involve 

platinum s- and d-orbitals and the lone pair 50 El's of the carbonyl ligands 

c5391. It is notevmrthy that the Pt-Pt bonds in the [@t,(CO)61n]2- cluster 

anions (2.66 1) are shorter than in platinum metal itself (2.774 A). This is 

achieved by sune of the platinum sp electron density, which is repulsive in 

character, being removed frun the plane of the Pts triangle into the inter- 

triangular region [540]. '95Pt NMR data in deutsriochlorofom solution for 

[{Pt3(CO)63n]2- (n = l-5) suggest that in solution the tvm outer Pt3 triangles 

rotate with respect to the central one about the vertical three-fold axis 1.5411. 

6.7.4 Isocyanide CompZexes 

Zerovalent matal isocyanide cxxnplexes have been reviewed [542]. R&H and 

b&OeH react with Cptp(~C@de~)6] to form [EPt(~~~e3)(ERB)(CNChle3)}*] (E = 

Si or Ce) by insertion of Me&NC into a IX-H bond fonaed in the initial oxidative- 

addition step [5431. 
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6.7.5 CompZexes with Other Transition MetaZs 

Platinum(O) cmplexes of chranim, mlyhdenum or tungsten with bridging 

Carbine or wbyne ligands have been prepared by reactions (lOS)-(112) [5442X6]. 

Ph ob¶e 

\/ 
C 

1 

+ [~~(PR~)(c~H,,)~~ ~;c~j~~CPen)mMe Or - 

Ph 

_I 

I- 

o&? ‘“\ / 
““\ /“\ /pR3 

Pt-Pt 

/\/\ 
w---_-_-_M----_-_ 

me 

p\ / 
C 

A 
w> SM -Pt-PRs (109) 

\ pRs 

PRs 

I 
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\/ 
MdCbk3 19, ,C, ,Wcbfe 

Pt-Pt 

/\/\ 
c)c--_--__w---- co 

(CO)4 

(126) (1111 

bk 

L . 
Cl=‘) 

X-ray diffraction of (12.5; M = W, R = Me) showed the carbene bridge to be very 

asynmetric Er(W-C) = 2.48(l) 3, r(Pt-C) = 2.04(l) AI, with the Pt-P bond truns 

to carbene = 2_335(3) A significantly longer than the Pt-P bond tram to 

tungsten (2.253(3) d), and r(Pt-W) = 2.861(l) A [544]. (126) has a Pt-Pt bond 

of 2.627(l) 1, a synmetric carbene bridge {r(Pt-C> = 2.05(2) 1, with the plane 

of the carbene at 90° to the Pt2W plane, Pt-W bonds of 2.830(2) d (mean) (close 

to the sum of their covalent radii) and Pt-P bonds of 2.350(7) t which is at 

the upper end of the Pt-P range of bond lengths 15451. (127) has Pt-W bonds of 

2.751(l) 8, only slight asymnetry in the carbyne bridge {r(Pt-C) = l-997(9) d, 

r(W-C) = l-967(6) A) with the phenyl plane virtually perpendicular to the PtWC 

plane, and a Pt.-P bond tiaxs to carbyne of 2.325(2) A, wfiich is significantly 

(112) 
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longer than that tram to tungsten (2.258(2) ii) [546]. The inherent 

"unsaturation" of the novel dimetallocycopropene ring in (127) should lead to 

an extensive chemistry, and in support of this (127) reacts with [Fez(CO)g] to 

give the trimetallic cluster (128) together with [Fe(CO)b(PEtg)] (fomrxl because 

a 2.23(2) & 

b 2.542(3) A 

c 2.775(l) H 

(128) 

the platinum has lost a triethylphosphine ligand and gained a carbony ligand) 

[547]. Thus a rational synthesis of canplexes in which an alkylidene group 

caps a metal triangle involves reaction of a mononuclear metal-alkylidyhe 

cmplev with either tmo different lm-valent metal cmpouhds in sequence, or 

with a reactive dimetal species. 

The ease of transfer of a carbene group from a mnonuclear metal carbene to 

platinum is reflected in the reaction of [Mn(EC(CMe)Ph1(CO)~(n5-C~Hg)] with 

[Pt(PRS)(C2H4>], fmn which no manganese+platinum canpounds were obtained. 

Instead (129) and (130) v.ere formed, probably through an initial Mn-Pt 
L/ 

MeO+L'h 

4 i”’ 7 
Ph-~~~i-" 

/"\/"\ 
%P CO PR3 

(129) <130) 

systen, si,nce (125; M = Cr; PR3 = PMei) deocmpos es at 80 OC in toluene to give 

Cl291 and (130) 15453. Platin m-fnanganese carbene bridged canplexes csn be 

prepared by reactions (113)-(118) [548,549]. The tm forms of (131) differ 

mainly in the relative orientations of sane least-squares planes, as well as in 

the Mu-IX distance [548]. 

<134), which has a Rh=Rh double-bond, reacts with a variety of metal fragments 
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1iRht 
tpt(cod)~l + [~IC(~)Ph}(CO)2(11’-C5H5)1 petroleum; o oc * 

r ONe 

3 
[Pt(CrH,,)3] or [Pt(&a)2] + [a~EC(oa~)Ph)(CO)2(r15-CSH,)l zPMe ) 

t&!sCNC 

(113) 

(114) 
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DmC2H4)31 + t(oc)sb~-Mrl(CO)c1 + 2PbkJ c 

c) 0 

P 
I?& IForm Yellow Fom 

2: 
c/O a 2.6909(7) ii 2.659(Z) & 

fe 
/k 

b 2.266(l) d 2.265(4) il 

w&l ---a---Pt-ePNe> 
c 2.315(X) Ii 

k 

2.3w4) II t115) 

P&S 
d 1*998(5) ii 1.996(12) II 

(131) e X197(5) A 2.275(E) A 

P(w=3 Ia3 

I 
oc--Pt--CO 

I/ \I 

P(-3)2 

4. ac)&fn --l?t 

\/ 

~Pwde3 )a?& 
b f 

a 2.603(l) i 

b 2.689(Z) ii 

c 2.662(l) t 

d 1.889(S) i 

e 2.310(2) i 

(117) 



(132) + PMe3(excess) -Cl331 + bfnI(co)B(PNeS)21 

in the same way as other M=M and GM species (Schwe VIII) [550]. 

(118) 

+ bt<cod)nl 

a 2.617(l) ii d 2.2%(4) 11 

b 2.683(l) 11 e 1.830(18) i$ 

c l-998(14) ii f 2.001(18) ii 

scmaE VIII 
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6.8 PALLADIUbIAFDPLATWbmAL 

Tw reviews have been concerned with firstly the history, properties, origins 

and methods for producing ore concentrates 15511, and secondly therefiningaud 

uses 15521 of the platinum group metals. The corrosion of platinum black in 

1 M KOH solution occurs through the intermediate fomtion of surface oxides, 

both through discharge of mater molecules and through reaction with molecular 

oqgen. It is not clear, however, lbhether it is the formation of surface oxides 

or their subsequent dissolution that is the slow step [553]. 

There has been great interest for sane years on the photocatalytic production 

of hydrogen fran water or methanol at TiOz surfaces. Mixing TiOz powder with 

platinum metal., palladium metal or a mixture of platinum metal and RuOt gave 

efficient production of dihydrogen frcm 1:l aqueous methanol on irradiation at 

380 nm with quantum yields of 40, 19 or 44%, respectively 15~1. 
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