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INTRODUCTION 

This review covers mainly the papers recorded in Chemical Abstracts 

between Volume 97, issue 21 and Volume 99, issue 24, as well as the 1983 

issues of the major English language inorganic chemistry journals. Thus, 

although most of the papers covered were published in 1983, many from 1982 are 

also included, together with earlier work slow to reach Chemical Abstracts. 

As always, the number of references has increased overall, but some 

general trends may also be noted. More papers are reported in the sections 

dealing with lower oxidation states and in particular with chemistry related 

to catalytic reactions. In this context many data concerning tin complexes of 

platinum are considered, since this is an important catalytic system for a 

range of transformations. The importance of the complexes of biomolecules 

continues to be noted by many groups and a newly fashionable area seems to be 

that of porphyrin complexes and their analogues. 

A number of reviews have been published. The historical importance of 

the platinum metals in the development of chemistry, particularly coordination 

chemistry, is considered by Soviet workers Cl1 . The whole of the platinum 

group and the chemistry of their complexes is included in the account of 

Wallbridge C23 , whilst 3ailar reviews only coordination compounds of 

platinum(U) and platinum(IV) 131 . “Classic” and “modern” aspects of palladium 

and platinum coordination compounds are discussed by Beck [43. 

1.1 PALLADIUM (VI) AND PLATINUM(V1) 

[PdF6] was synthesised by reaction of palladium powder with fluorine 

atoms. This dark red material is thermally unstable and decomposes at a 

significant rate even at 273 K to yield CPdF41 and molecular fluorine 151 . 

Both EPdF& and CPtF& have body-centred cubic structures at room temperature 

with an orthorhombic form at higher temperature. The stabilities and 
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structures of the platinum metal fluorides are also reviewed [63. The general 

chemistry of palladium and platinum in higher oxidation states (Pt (VI) , Pt(M 

and Pd(IV)) has been reviewed 173 . 

Palladium (VI complexes are said to be formed on oxidation of metal 

fluorides by CPdF63 IS1 but no other papers dealing with palladium W or 

platinum(V] have been published in the last year. 

1.2 PALLADIUM (Iv> AND PLATINUM (Iv) 

The thermodynamics of the formation of outer sphere complexes of coordination 

compounds of platinum(IVl and other platinum group metals have been reviewed 

C83 . The best separation of platinum(IW from rhodium(III) is reported to be 

achieved using ascorbic acid as a reducing agent under carefully controlled 

conditions C93 . 

1.2.1 CompLexes wtth Group VII dcmor Lt~ands 

The structure of CBrF21 2CPtP61 . (BrF2J2, formed on reaction of [PtFJ 

with CBrF31 , was determined by X-ray diffraction and 
19 F NMR spectroscopy 

Cl03 . A general valence force field has been applied to hexahalide anions of 

Pt(IV) mtF6P, CPtC161 2- and CPtBr61 2-) using the molecular kinetics 

constants method to determine the charactertistic molecular constants [ll] . 

Analysis of the biexponential luminescence &cay curves for K2 CPtX,l (X = F, 

Cl OT BT) gave two time constants. The contribution of the faster relaxation 

component increases on transition from CPtF6J 2- to [PtBr6] 2- , as well as on 

increasing the temperature from 77 K to 300 K Cl23 . The bimolecular rate 

constants for luminescence quenching of [Cr (bipy) 3] 3+, CRu (bipy) 3l 2+ and 

COs (bipy) 33 2’ by CptX63 2- (X = F, Cl, Br or SCN) have been determined Cl31 . 

The chlorine K X-ray absorption spectra of K2[PdC161 , K2CPtC161 , 

K2[PdClq] and K2[PtC14] have been obtained. An intense white line at the 
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absorption threshold with a chemical shift related to the ionisation 

potentials of palladium and platinum corresponds to the transition from the Cl 

1s level to the lowest unoccupied antibonding orbital originating from the Pd 

4d, Pt 5d or Cl 3p orbitals [14] . Relativistic multiple scattering X 
a 

calculations on CPtC161 2- in octahedral symmetry have been undertaken. The 

theoretical predictions concerning photoionisation and optical spectra are in 

good agreement with experimental data [15]. 

By applying a rigid sphere model, using the assumption of free cation 

motion within a spherical cavity consisting of twelve halogen atoms, the 

stability condition for K2EPtC16J has been determined. The temperature at 

which cubic K2CPtC163 should undergo distortion was calculated and conforms to 

the experimental observation 1161 _ The low temperature tunnel splittings of 

reorienting [NH,]+ in a tetrahedral surround were determined for [NH43 2 [UCl,l 

CM = Pt, Re or Tel, and found to depend exponentially on lattice dimensions 

Cl71 . 

Theoretical calculations were used to assist in assigning 

experimental spectra of L2CMC16], L = [tC,H,,),NH]+ and M = OS, Re, Ir or 

Pt. The N-H stretching frequency is substantially affected by the nature of 

the metal [18J . 

The reduction of H2 CPtC16] by iron(H) sulphate in aqueous H2S04 in the 

presence of an alumina catalyst was shown to be first order in Pt /IV), 0.56 in 

Fe/II) and -0.21 in Cl-. The initial product is Fe [PtC16] which is adsorbed 

on the alumina and reduced by Fe (II) to give, ultimately, a thin platinum 

metal film Cl91 . EPtC1612- is also very rapidly reduced by ferrocene, the 

products at room temperature being CPtC141 2- and ferrocinium cation. At higher 

temperatures more extensive reduction gives platinum metal C201 . The 

adsorption of H2[PtC16] on alumina to give reforming catalysts has been 

studied [Zl] . 

Solid state thermolysis of C(py> 211 2 CPtX,l (X = Cl or Br) yields 

cts- CPt by) 2X4l , whilst C (PY) 2Brl2 CPtC161 gives CPt (PY> 2C141 and ~PYHI 2 CPtC161 
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for Pt (Iv) and Pt (II) halides and the 

IX = Cl or Br) have been determined 

1233 . The effect of HCl concentration on extraction distribution coefficients, 

when chloro complex acids of PdUW and Pt (Iv) are extracted by tributyl 

phosphate was examined C241 . 

[PtX612- + H20 w CPtX,(OH2)l - + X- (1) 

Oxidation of [PtC14]2- by molecular bromine in HBr solution yielded 

trans- [PtC14Br21 2-, whereas in HCl, [PtC15Br]2- is obtained. A sample of 

trans- EPtC14Br21 2- was obtained in very high purity when CH2C12 is used as 

solvent _ The literature concerning trons- [PtC14Br2] 2- has been critically 

discussed (253 . The lg5Pt NMR spectra of CPtCl,iBr6_n12‘ (n = 1 - 5) have been 

measured. The cts-tram isomerisations of [PtCl,Br6_nl’- (n = 2 or 4) and the 

fat-mer isomerisation of [PtC13Br3] 2- are sufficiently slow on the NMR 

timescale to allow the unambiguous assignments of the 195 Pt signals. ate- and 

fat-isomers give rise to signals at 12 - 15 ppm lower field than the trans- 

and mer- compunds 1261 . 

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

trans, cts-isomers of [PtC12(NH3) 2 (OH) 2] have been studied by ‘*N and ‘=Pt 

NMR spectroscopy and by X-ray diffraction. All are octahedral with normal bond 

lengths and an extensive network of hydrogen bonds. A facile isomerisation of 

the trans, trans, trans- to the cts, trans, cts-isomer on recrystallisation 

from water is thought to involve dissociation of [HO] - or H202 since it is 

suppressed by the presence of H202 C271 . 

The phases of the complex CMe4Nl 2CPtBr61 have been studied by NMR 

spectroscopic techniques, X-ray powder diffraction and DTA. At room 

temperature an EdSc cubic structure is adopted, with an FrnSrr, cubic phase at 

higher temperatures C281. Crystals of M2Pt16 (U = K, Rb, Cs, NH4 or Tl) were 

obtained by heating cpt14] or H2[PtC16] in highly concentrated solutions of MI 
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containing HI and 12. The complexes for M = Rb, Cs or NH4 adopt the cubic 

K2CPtC161 structure and are poorly soluble in water. For M = K or Tl, a 

tetragonally distorted structure is determined from single crystal data, and 

the complexes are more soluble [29J . m2H5] 2 [PtI6] and m2H512 [PtI5 (H20)) were 

obtained from H2 [PtCl& , HI and hydrazine hydrochloride in aqueous solution. 

CN2H51 2 Pt161 was shown by X-ray diffraction to have a structure similar to 

that of K2 [PtCl& whereas w2H5] 2 [PtI5 (H20)l resembles the 

valence compounds btde tnfra) and has anisotropic properties 

linear chain mixed 

c301 . 

x.2.2 Complexes wtth Group VI donor ttgands 

The first X-ray structural study of a heteropolytungstate containing 

platinum(IV) , Na5 CH3PtW60243 .20 H20 is reported. The polyanion, synthesised 

from Na2 [Pt(OH)& and Na2CW043, has approximately Djd symmetry analogous 

to the Anderson type heteropolytungstate anion in IMnW602418- [31l . An X-ray 

powder study of CaCPd(OH)& is reported [321 . 

Treatment of CPt(NH3) 5ClJ Cl3 with CF3S03H, followed by ether at 5 0C 

yields CPt(NH3)5 (OS02CF3)1 [CF,SO,J 3. Triflate acts as a monodentate o-donor 

weak field ligand and is an excellent leaving group, allowing the facile 

synthesis of a wid8 range of complexes of the type [Pt (NH3) 5L] [CF,SO,], [33] . 

In [PtC(H2N) 2CO) Cl4J , prepared from urea and H2 CPtCI61, the Pt (IV) is 

octahedral and the urea is coordinated through oxygen 1341 . 

Oxidation of E’t (C204) 2l 2- by X2 (X = Cl, Br , I or OH) yields the 

platinum (IV) complexes tram - [Pt (C204> 2X2] ‘-, which were isolated as the 

[Bu4N] + salts. The complexes were characterised by IR, Raman and electronic 

spectroscopy and show intense ligand to metal charge transfer bands in the 

W/visible region E35J . p-Diketonate complexes of octahedral platinum(IV) were 

shown to be generally more volatile than those of square planar platinumU1) 

C361 . 

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



direct addition of S (IV) to the Pt-OH moiety without Pt-0 

first example of a stable, isolable, o-bonded sulphito 
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cleavage. (1) is the 

complex. In the 

CPt R\TH3) 5 (OH21 3 
4+ CHSO,l-, S02, I-I20 

> CPt (NH31 s (OS021 3 ‘+.SO3.2H20 (2) 

(1) 

presence of an excess of sulphite, Cl) is slowly converted to 

cts- CPtCNH3)4(S03)21 .2H20 1371. PlatinumUW complexes of (21, (LH) , 

of composition CPtLpH)p2, contain two ligands which act as o,s-chelates 

and two which are bonded only through sulphur C38] . 

S 

The lowest excited ligand field state has been shown to be responsible 

for the photochemical reactions of [Pt (SCN)& 2- to yield platinum(II) . The 

quantum yield may be determined by monitoring [SCN] - produced on photolysis 

[39] . Precipitation of the platinum group metals (including Pt (Iv) and Pd(II)) 

in the presence of (PhSj3P occurs uta reactions such as (3) and (4) [40] . 

(PhS)3P + H20 B PhSH + (PhSj2POH (3) 

CPdC141 2 - + 2PhSH B [(PhS)2Pd] + 2H+ t 4Cl- (4) 

Definitive syntheses for cNH,l 2EPt(S51 3l and IPr4M ,CPtCS,> 31 have been 

published. Platinum (Iv) is coordinated in a pseudooctahedral manner to three 

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

[PtMe3(MeE(CH2)nEIMe)] (X = cl, Br or I; n - 2 or 3; E, E’ - S or Se1 and 
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the variation of stability with ring size assessed. 19’Pt, 77Se and 13C NMR 

spectroscopic parameters were correlated with structures 142) The new complex 

[Pt(MeSCH2CH$Me)2] [Cl0412 has been compared with known analogues. 

It was concluded that the rate of inversion at the coordmated sulphur atom 

depends strongly on the nature of the metal ion, but much less on the ligand 

t runs 

been 

acting 

I .2.3 

to sulphur [431 

[Pt (pmdtc) 2 (pip) 21 Cl2 (Hpmdtc - pentamethylene dithiocarbamic acid) has 

shown to be a 6-coordinate octahedral complex with each carbamrc acrd 

as an s,s-chelating agent [44] 

comphxe~ vim btdentote croup vr/croup v donor Ltwnds 

There have been further reports of platinum (IV) complexes of 

iminodiacetic acrd (H 1.). 
2 

Reactron of H L. wrth K 
2 2 

[PtBr ] 
6 

in a 1 1 ratro grves 

K2[Pt(HL)Br5) , in which the ligand IS N-bonded and one of the carboxyl groups 

is deprotonated. With a 2.1 ratio of H2L to K2[PtBr6] the major product IS 

K[Pt (HL) (H21.)Br4] Under analogous conditions K2LPtBr4 (OH) 2l gives K rPtI.Br31 

and [Pt (HL) 2Br21 respectively These data are currously at variance with those 

noted last year for the chloro analogues [451 The thermal decomposrtion of 

K (PtLC131 , K2 [Pt (HL) Br51 , K2 [Pt (HL) Cl2 (OH) $ and CPt (HL) 2 (NH31 2CL$ has 

been investigated by DTA. The initial process in all cases is decarboxyiation 

[461 

Isonicotinic acid hydrazide ((3)) L) coordinates to platinum(IV) through 

the nitrogen atom of the NH2 group and the carbonyl oxygen in [PtL2C12]C12 

1471. 3-Methyl-4- (4-methylphenylazojpyrazol-5-one, (41, HL' , forms octahedral 

complexes of stoicheiomstry [Pt(HL’)C14] . Despite some slightly dubious 

statements to the contrary, the data presented do not allow a clear 

distinction of the binding site(s) involved 1483 . 

mns- CPtLx2(~~)I ad tram- CPtu_.~ZxZI have been prepared by 

oxidative addition of halogens to CPtL (AA) 1 and [PtLL’J (H,+ = 



NHNH2 

(3) (4) 

HOOC-COOH, HOOCCHZCOOH or HOOCCH(C+H51 COOH; L - 

HZNCHZCHZOH or H2NCH2CH2SH; HzL’ = HCOOH, CH3COOH, 

HZNCHZCOOH or CH3CH=CHCOOH). In all cases L acts as a chelating 

bidentate liiand c491 * The structure of 

cts-N,#* -trans-0.0’ -his (2-aminoethanolato) cts-dichloro platinum(IW has been 

determined by X-ray diffraction. This complex has unusually low anti-tumour 

activity [SO] . 

The two photon, four electron redox reaction of CPt &I31 61 2- to 

platinum(U) and finally colloidal platinum metal has been shown to proceed 

initially uta reaction (5) , with oxidative cleavage of the ligands C5ll . 

cPtcN3)61 2- 
hv, CH2C12 

) IPt &I31 41 
2- t 3N2 (5) 

Reaction of CNH,l 2[PtX,l (X - Cl, Br or I) with liquid ammonia at -40 oC 

gives mixtures of CPt WH3)6_,X,lX4_n, where n = 0, 1, 2 or 3. After several 

weeks EPt (NH31 & X4 is isolated as the major product. At room temperature (X = 

Cl or Br) the bridged dimer [ Wt (NH31 41 2(~-NH21 23 X6 is obtained. Treatment of 

cNH& 2 CPtx,l with gaseous or liquid ammonia followed by an excess of KNH2 

yields K2 CPt (NH21 6 IS21 . The heat capacity of tram- [Pt (NH31 4Br21Br2 was 

determined in the temperature range 55-310 K; y-type anomalies correspond to 

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

have been further investigated (Scheme 1) C.541 . 

K2 IPt @JO,> 61 

I 

K2 CPt (NO21 4l cts-K2 [Pt (NO21 2C’2] 

1 

H20 zAgNO 

evaporate J 
c ts - CR @JO 2) 2 (H20) 21 p K2CPt30(N0 > 1 26 

\ 
KOH 

2HNo3 02N\ 
Y 

K2 CPt (NO21 2 (OH) 23 > 
O-H-d,H ,N02 

Pi 
02N’ ;O-H- c( pt\ NO 

H H 2 

Scheme 1 Interconversion of platinum(I1) and platinum(W) nitro complexes 

I341 

The preparations of cts- CPtL2X21 .~&I20 and trane- CPtL2X2(OH121 (L = 

Me2CHNH2; X2 = C12, Br2, C204 or CH2(COO)2) have been 

described. tram- CPtL21C2041 (OH121 is the most useful for supression of L 

1210 leukaemia in rats [SS] . Treatment of cts, cts, tram- [Pt (NH31 2C12 (N03) 2] 

with a range of amines, L, yields cts,cts, trans- [Pt(NH3)2L2C121 [NO,], 

C561. The dissociation constants for [PtA2X2 (H20) 2l 2+ and 

CPtA2X2(H20) (OH)]+ (A = NH3, MeNH2, Me2NH or EtNH2; X = Cl, CN or 

NO21 have been determined 1573 . 

A range of complexes of nitrilotriacetic acid, H3L, have been prepared 

fTOTTi trans-[Pt @JH3>2C14]. Using a 1: 1 molar ratio the complex 

trons- [Pt (NH31 2 (H2L1 Cl31 is formed, whereas with two moles of H3L the product 

is (5). hans,cfa, cts- [Pt@JH3) 2C12(N03>21 yields (5) together with the mixed 
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species, CPt(NH3)2(HZL)C12(N03)l (581. 

The preparation and characterisation of platinum(IW complexes of 

1 -vinyl imidazole , 1 -vinyl 

cL,Jt: N(CHZCOOH)~(CH~COO-) 

Cl 'I' 
N(CH2COOl-l+ (CH2COO-) 

NH3 

(51 

benztriazole , 1 - vinylbenzimidazole and 

I-vinylpyrazole has been reported. In all cases coordination occurs through 

the spL nitrogen of the heterocycle and the vinyl group is uncoordinated 

[59,601 . 

H2CPtX61 (X = 

[HLJ 2 [PtX6] ; whilst this 

useful tn vtuo C61I . 

Cl or Br) reacts with thioproline, LH, to give 

shows some cytostatic activity tn vttro it is not 

The formation of the outer sphere complexes [Pt (en) 2 (SO,> nl 4-2n 

and CPt(en1 (phen) 2(S04) ,,I 4-2n (n = 1 or 21 was established by 

solubility studies. The most stable outer sphere complexes are 

formed by [Pt(en) 31 4+ C621. Outer sphere association constants were 

also determined for IPt(phen1 ,(en1 I,J 4-n, the trend in stability being 

L = HCOO- < CH3COO- < C,H,COO - < C3H7CO0 - 1633 . A 

number of octahedral palladium (IV) complexes, CPd(L-L1 Cl41 IL-L = 

bipy, phen, dppe, Me2ECH2CH2EMe2, CE = N or PI, 

Ph2AsCH2CH2AsPh2 or Me2As (CH2) 3AsMe2) were prepared by chlorination 

of CPd(L-L) C121 . Analogous bromination and the reactions of CPd(L-L) 2l Cl2 were 

also investigated C641 . [Me2Pt(phen)3 hase been demonstrated to undergo 

stereospecifically trams oxidative addition of alkyl halides to yield (61 by a 

radical pathway I651 . 
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(6) 

Platinum(W) complexes of (7) have been synthesised from EPt (en) $ & by 

treatment with methanal and ammonia, and characterised by X-ray diffraction. 

Addition of one electron, either electrolytically or radiolytically , gives 

transient monomeric platinum(III) ions with a lifetime in the millisecond 

range [661 . [PdGneso-tetrakis b-methyl-4 -pyridyl}porphinel 1 4+ has been shown 

to be an efficient photoreductant for Fe(III1, and hence a promising material 

for solar energy conversion C671 

The centrifugal distortion constants of CPtL2Xql (X = Cl or Br; L = 

PMe3, AsMe or SMe2) have been obtained using Cyvin’s modified theory, and the 

previously reported force constants and structural parameters E681 . 

1.2.5 CompZexes ~5th Group IV donor Ltgands 

The kinetics of reduction of K2[Pt (CN)511 by IBHJ - have been 
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investigated spectraphotometrically. Two pathways were established, as shown 

in reactions (6) - (10) [69] . 

E’tKN)5112- + CBHJ -\ [Pt (CN) ,I 3- t I- + H+ + BH3 (6) 

CF’tKN)51 3---+ CPt(CN141 2- t CN- (7) 

CPt(CN),I]2- t CN- - [Pt (CN) 5 (ICN)l 
3- 

(8) 

CPt(CN),(ICN)J3- d [Pt(CN)412- t CN- t ICN (9) 

ICN t [BH4]- - I- t CN- t H+ + BH3 (10) 

The kinetics and mechanism of the reduction of CPt(CN), (OH) Brl 2- by 

inorganic ions has been reviewed [70], whilst another account deals 

specifically with the extremely complex reaction with [S20312* C711 . 

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

The chemistry of one dimensionally ordered mixed valence compounds has 

continued to b8 an active area of investigation. The structure of 

CPt (NH3141 CPt (NH3)4Br21 CHSO414 has been determined by X-ray diffraction. It 

contains linear chains comprising alternately arranged octahedral 

CPt (NH31 4Br21 2c and SqUar8 planar [Pt (NH3)4]2+ cations in the direction of the 

c-axis C72] _ [F’tL21 jYt~C121 rBF414 {L = H2N(CH2)3NH21 and its bromo 

analogne also form l-dimensionally or&red structures in which no distinction 

was ma& between the platinum oxidation states C731. The electronic, IR and 

resonance Raman spectra of the species [Pt(l ,2 -pn1 2l [Pt (1 , 2-pn) 2X2] Y4 (1,2-pn 

= 1,2-diaminopropane; X - Cl, Br or I; Y = Cl04 or BF4) have bean reported 

c741 . CF’t (dien) II CPt (dien) 131 I2 

[Pt &en) Cl] Cl with dilute HI. 

spectra are typical of a linearly 

determination shows that there 

has been prepared by oxidation of 

Although the electronic and resonauce Raman 

ordered compound, the X-ray structure 

is significant bending (21 0) about the 
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bridging iodine. This is the first mixed valence chain to be prepared with a 

single positive charge or a tridentate ligand [75] . Two routes (reactions (11) 

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

[LPd] 2+ + CLPdC121 2+ HC104’H20> [LPd] [LPdCl,] [ClO,] 4 

CLPd3 2+ + Cl2 
HC104/H20 

) [LPd] CLPdC12] [ClO,], 

(111 

(121 

valence compound of 1,4,8,11- tetraazacyclotetradecane, L. X-ray diffraction 

studies show that the macrocycles adopt the most stable conformation, and the 

Pd(I1) and Pd(IV) units are linked by N-H--- 0--- H-N hydrogen bonds. The 

electronic interaction between Pd(II1 and Pd(IV1 in this complex is weaker 

than that in CPd(en)2]1 [Pd(en) 2C121 [ClO,J, as judged by the Pd-X distances and 

electronic spectroscopic data C761. The Ni (II) -- - X- - - Pt (IV) chain in 

IM (en) 3 CPt (en) 2X$ Ccl*,3 4 (X = Cl or Br) is more conducting than the 

comparable Pt(II)- --X---Pt(IV) chain C771 . 

Reaction of K4 CPt2(pop)41 with X2 (H2pop = (HOJ2POP(OH) 2; X = Cl, Br 

or I) has been shown to yield K4[Pt2(pop14Xl ) the X-ray structural 

determination of which shows linear chains of -Pt-Pt-X-Pt-Pt-X- atoms. The 

bridging halides provide a continuous path for electrical conduction [781 . 

Simple preparations of one dimensional tetracyanoplatinate complexes 

containing platinum atom chains have been described _ The species 

synthesised include Cs2CPt(CN)43C10.3, K2 [Pt (CN1 41 [HF,l g. 3. 3H2*, 

Cs2CPt(CN)41 LN310.25. xH20 and Cs,[Pt(CN14J C0,SOHOS03J,~,6 [791. 

Application of high pressures to K$PtKN)41Br0.3.3H20 and 

Rb2 CPt (CN) 41 CHF21 O _ 4 induces phase transitions observable in X-ray diffraction 

studies DO] . The preparation and properties of a new type of partially 

oxidised salt exemplified by Pbo 77K0 23 [Pt (CN) 4] . 1 _ 5H20 are reported. The 

partial oxidation in this case arises only from the presence of a 

non _ stoicheiometric proportion of univalent and bivalent cations [gl] . A 
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somewhat different staicheiometry, Pb ,, 27Kl 73 EPt (CN14J Cl,, 5, is obtained on 

electrolysis of K2 CPt(CN)41 in the presence of Pb [NO33 . The divalent cations 

are said to stiffen the lattice, reduce A, the electron phonon coupling 

constant, and increase conductivity C821 . 

Photolysis of cts - CPt (NH3) 2(H20) 21 2+ at 251 nm yields a blue mixed 

valence compound in which the ratio of Pt (II) to Pt(Iv) is two. The blue 

compound has the structure (8)) and it is suggested that a dimeric or trimeric 

platinum(U) compound is the photoactive species C831 . 

OH 

OH 

A number of papers report mixed valence compunds of thiourea (tu) and 

analogues. K2CPtC161 reacts with tu to yield [Pt (tu)4] [PtC16] 1841, but more 

generally complexes of stoicheiometry Pt2L4C16 may be CPt (II) L41 CPt (Iv) Cl,1 or 

CPt (IV) L&l [Pt (II) L2C141 . l3 C NMR spectroscopy confirms that sulphur is the 

coordinating atom in all cases. lg5Pt NMR spectroscopy is used to distinguish 

the other species, and the type of complex formed depends both on the method 

of preparation and the nature of the ligand (85-871. 

1.4 PALLADIUM (III) AND PLATINUM (III) 

NaCPdF41 may be prepared from the solid state reaction of 2 moles of NaF 

with [Pd2F61 at 600 oC/70 kbar. The EPR spectrum at 8 K indicates the presence 

of Pd3+ with the unpaired electron in the dx2 orbital. The complex is low spin 

t2g6 egl with a significant Jahn-Teller affect (881. LaPd&11_,03 solid 

solutions (0.004 < s < 0.09) in which PdQII) is stabilised have been prepared 

by the ceramic method using a Pd./La203/y-A1203 mixture (891 . 
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The lifetimes of electronically excited states of [M(bipy)3] 3+ (M = Cr, 

OS or Rn) have been obtained from luminescence spectra as functions of the 

concentration of the platinum(H) quenchers. Energy transfer is the dominant 

mechanism of the Luminescence quenching using K2[PtBr4] and K2 [PtC14] or the 

osmium or rnthenium complexes, but with CCr (bipy) 3l 3t and CPt (SCN) 43 2- or 

CPt (C204) 21 2- electron transfer to yield platinum(il1) is involved 1901 . 

The range of {R2)6+ units fully characterised by X-ray crystallography 

has been Further extended during the last year and the results are summarised 

below [91, 921 . 

Complex r(Pt-Pt)/&) 

[PYH] 2 [Pt2 (H2P04) (HPO4) 3 (py) 2l . H20 2.494 

CX CNH3) 2Pt (pyridonate) 2Pt (NH3) 2x3 [NO,] 2 2.582 (X = Br) 

2.576 (X = N02) 

2.584 (X = Cl) 

1 (N03) (NH3) 2Pt (pyridonate) 2Pt (NH3) 2 (H20) 1 [NO,1 3 2.540 

The complexes CPt, (CH3CS2),X21 (X = Cl, Br or I) have been synthesised 

by oxidative addition of X, to the Pt (II) dimer. and the oxidation states 

confirmed 

employed 

platinum 

IPt(ID21 

4 

by XPBS. If only one half of the stoicheiometric amount of iodine is 

[Pt, (CH3CS-J 41] is formed, in which the average oxidation state of 

is 2.5. The Pt-Pt bond (2.677 1) lies between values typical of 

and 0% (HI) 2) , and iodine bridges the {Pt2) units in 

Pt-Pt---I---Pt.-F% [94]. When m2(HP04)4]2- is treated with a base, L (L = py, 

4 -methylpyridine or 3,4 - dimethylpyridine) , the major product is 

CLHI 2 CPt2 CHP041 4LJ , @I, contaminated with small amounts of the mixed salt 

CLHI lPt2(H2P04) (HP04) 3L2J .H20, (10) . During attempts to grow crystals 
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of (9) CL - py> , (10) was isolated and its structure determined by 

X-ray diffraction [91]. The lg5Pt NMR spectra of CPtZ wq &I 
n- and 

EPt2 (HPOJ ‘,X21 n- (X=H20, ClorBr; n = 2 or 4) were measured. It was 
. 

found that l~Pt_Pt is wry sensitive to small variations in electronic 

structure which have little effect on molecular structure C9SJ. The IR and 

Raman spectra of CPt2(pop)4X21 2- (X = Cl, Br or I) were compared with those of 

the Pt(I1) analogue, CPt, (pop) 4l 4- . It was concluded that Pt(II1) -Pt(III) is a 

much stronger bond than Pt (11) -Pt (II) C961 . 

Treatment of the head-to-tail platinum(I1) a-pyridonate dimer 

cts - C cpt (NH31 2CCsH4NO> 1 2l 2+ with nitric acid in the presence of X- (X = N02. 

Cl or Br) results in oxidative addition and metal-metal bond formation to give 

the Pt(II1) dimer . The Pt-Pt bond lengths in the complexes parallel the 

trans-infitlence of the axial ligand, X, whilst elongation of the Pt-X bond 

reveals that the Pt-Pt bond has a very strong trans-influence [93]. Treatment 

of cts -diammine platinum a-pyridone blue with nitric acid results in the loss 

of three electrons from the four Pt(2.25) centres and cleavage of the 

tetranuclear unit to a Pt(III) dimer . In this case a dimer with a head-to-head 

arrangement of the a-pyridones is obtained, but the head-to-tail isomer 

I (02N) CNH3) 2Pt (pyridonate) ,Pt(NH3) 2 (N02)l lN021 2. 2H20 is obtained from 

nitric acid oxidation of [ (NH3) 2Pt (pyridonate) 2Pt (NH3) 23 [NOJ . 2H20. The 

electrochemistry of these complexes has been studied c941 . 

cts -Diammine a-pyrrolidone tan was obtained unexpectedly during a 

synthesis of platinum blues. Its structure has now been determined by X-ray 

diffraction to be bis Ibis (Ir-a-pyrrolidinato (1 -) -NI & bis (cts-diammine 

platinum(I1, III))] hexanitrate dihydrate (11) . The cation has a tetranuclear 

chain structure similar to cts-diammine-a-pyrrolidone blue except that the 

average oxidation state is 2.5 rather than 2.25. This may thns be considered 

as possessing two Pt(I1) and two Pt(II1) centres, but since the complex is 

diamagnetic, the two unpaired electrons must be strongly coupled and 

delocalised over all four atoms [97]. 



(11) 

Reaction of 

polymeric compound 

KZCPtC141 with a very large excess of acetamide 

CPt(C2H,NO> zCII n. However, using K2[PdC1J as 

gives a 

the substrate, CPd4 (C2H4NOI 7 CUR) $ is obtained. Analytical and spectroscopic 

data imply that this has a palynuclear structure with bridging ligands and 

partially oxidised metal centres. This is the first isolated palladium 

enalogue of the platinum blues C981 

A variety of platinum complexes of the ethanoate ligand are reported by 

Soviet workers Among these are EEPt (OOCMe3 (OH) 2 (HZ01 1 J and 

CCPt(OQCMe)31ql E991. 
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1.5 PALLADIUM (II) AND PLATINUM (II) 

1.5.1 Comptexes wtth Group VKK donor Ztgm-uls 

The absorption spectra of palladium (II) in melts of LiCl, NaCl, KC1 and 

CsCl at a chromophore concentration of 0 .Ol mol 9; and a temperature of 1087 K 

have been examined ClOO]. Reaction of PdC12 and KC1 yields K2CPdC141 which 

melts congruently at 534 0C. The K21PdC14J/Na2EPdC141 systems have been shown 

to be stable sections of the KClMaCt/PdC12 system [loll . 

A potentiometric study using an iodide selective electrode has 

established a value of 3.73 x lo-l6 for the solubility product of PdX2. 

Radiometric data give a value of 2.55 x lo-l6 E1023. The stability constants 

fo chtoro complexes of platinum(I1) in aqueous solution at 60 0C have been 

determined spectrophotometrically Cl031 . 

The electronic structure of K2W141 (M = Pd or PO has been 

investigated by the Xu SCF method and by X-ray spectroscopy 1: 1041. X-ray 

diffraction studies allow the detection of charge distribution in crystals of 

K2CPtC141 . The Sd electrons have an aspherical distribution in a square planar 

ligand field [IO51 . 

The complexes [(py) ,112 [PtX,l (X = Cl or Br1 have been prepared by 

reaction of E(sv) 211 [NO31 with K2 CPtX4] in DMF. [ (y-picoline) 211 2 [PtC141 and 

C(py> 2Brl 2CPtC141 are similar. The thermal behaviour of the complexes was 

studied by thermogravimetry, IR spectroscopy, conductivity measurements and 

X-ray diffraction 11061. CC2H5NH31 2 CPdC141 has not been characterised 

crystallographically bnt near IR and IR transmission spectra and unpolarised 

Raman spectra allow the authors to conclude that it closely resembles members 

of the series CC2H5NH312~MC141 (M 15 Mn, Cu or Cd1 llO7l . 

X-ray crystallographic studies have been performed on CsPd2F5, CsMPdF5 

(M = Mg, Zn or Ni) , Rb3PdP5, Cs3PdF5 and Rb2CsPdF5. Half of the Pd2+ ions 

are surrounded octahedrally by fluoride, whilst the others are in a square 
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planar environment 

hexachlorodipalladate (II) , 

[lo81 . In 2,6-di-tert-butylpyrilium 

(WI each palladium has approximately square 

planar coordination, but the four membered CPd,Cl,3 ring is not planar El091 . 

The rules governing the variation of M -L bond lengths on transition of 

complexes to excited states of the d-d type have been reviewed, with especial 

reference to [PtCl,L] n (L = NO, CO, CN, Cl, NH3 or H20) [l lo] _ Vibrational 

and laser Raman spectra of the mononuclear square planar coordination 

compounds, [MX,] 2- and [MX3L] n- (M = Pd or Pt; X = halogen) have been 

reviewed Cl 111 . 

Extraction of CPdC14J2- by [R3NH] Cl (R = octyl) gives both 

LR3NI-U 2 CPdC141 and [R3NH]2[Pd2C16J as detectable species in the organic phase 

I1121 . The kinetics of the interactions of K2CPtX43 (X = Cl, Br, CNS, NO2 or 

CN) complexes with the surfaces of Ln203 .nH20 between 40 and 80 +JC have been 

investigated [ 1131 . 

The oxidation of molecular hydrogen under conditions in which platinum 

metal is not formed has been studied. The species [Pt(II)C1,(H20)4_J (TL = 1, 

2 or 3) are active, but CPtC14J 2- and EPtC161 2- do not react with H2 Cl 141 . 

The mass spectrum of C(C2H4) 2Pt2(r-C1)2C121 has been reported and 

assigned. Fragmentation results in competitive loss of chlorine and ethene 

with the formation of species containing a Pt- Pt bond Cl151 _ 

Conditions for determination of platinum by spectrophotometty have been 

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

reduction to platinum(H) Cl161 . 
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1.5.2 CompLexes wtth Group VI Umor Ltgancls 

1.5.2.1 Vntdentate o;cygen donor Etgands 

The emission spectrum of PtO has been studied betwee 3800 and 8900 A and 

several new transitions analysed [117j . The thermogravimstric properties of 

PdO from 800 - 1040 K have been investigated 11181 . 

Thermolysis of [Pd (NO31 21 .2H20 occurs in three stages yielding colloidal 

platinum vta CPd(NO,) (OH) (HZ011 and CPd(OH)J Cl 191. 

Stable monomeric trcms - c (R3P1 2Pt(Rs) COO- CMe3)l complexes (R, = 

CF3, 2-CNC6Hq or Ph3 have been prepared from C(R3P)$t(R~(OH)l and 

Me3COOH. ‘H, lgF and 31P NMR spectroscopic studies and X-ray diffraction 

confirm that the peroxide is end-bonded, and suggest considerable covalent 

character for the Pt-0 bond. All the complexes, except those of (PhCH2) 3P, are 

effective in oxygenation of l-octene to 2-octanone Cl201 . 

Oxidative dehydrogenation of saturated hydrocarbons occurs in the 

presence of PdW in H2S04 by a mechanism which involves C-H cleavage in the 

rate determining step. A possible mechanism is shown in Scheme 2 [121]. A 

quantum chemical study of CH, activation by platinum(II) complexes with Cl, 

H20 or OH ligands has been carried out by the CNDO MO method. The 

most probable path involves simultaneous coordination of CH4 to platinum and 

the oxygen atom of the &and cl223 . 

1.5.2.2 Btdentate and nruLttdentate oqgen donor Llgunds. 

There continue to be nulnerous studies 

his@-diketonato) complexes v CPd(R1COCHCOR2),$ CR1 

of the chemistry of 

= CH3, Ph or 
I 

2 - thienyl , R2 = CF3; R1 = Ph or 2-thienyl, R2 = C2Fs or C3F7; R’ = 2- thianyl , 

R2 - CHFZ) areprepared from K2CPdC141 and the diketone. In solution they are 

square planar and exist as a mixture of cts and trans isomers, which were 

separated by HPLC for R1 = CH3, R’ * CF3 [123] . A mixture of the cts and trans 
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CPd(OS03H2) (OSO,H)] + F====== [Pd (OSO3HI I+ 

RH \ 

0 
II 

CR+---H-0-S-0---Pd(OS03H2~1+------ 
tl 

ROS03H + H+ t [Pd(OS03H2)12+ 

0 

Scheme 2 Pathways in alkane dehydrogenation in the presence of palladium(II) 
Cl211 . 

isomers of [Pd(PhCOCHCOCH2CH2CH3) ,I was formed serendipitously when (13) 

was reacted with PdC12 with the intention of synthesising the ally1 complex. 

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

prevent polymerisation of the enone cl241 . 

(13) 

The preparation of CPd(HCOCHCHOI21 was described; relatively few metals 

form characterisable complexes with this ligand. Its sublimation behaviour was 

compared with other analogous palladium chelates. It is the most volatile of 

the series, but also the least stable, and on volatilisation 50-65X of the 

metal is deposited as a palladium mirror cl251 . Mass spectrometric studies of 
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bis(p-diketonato)palladium complexes all show the ions D_.2PdJ2+ and 

[L,Pd-R] *+ , where R is one of the substituents [126J. 
L 

Studies of 

nucleophiles have 

and further insight 

the reactions of bis (p-diketonato) complexes with 

mainly involven nitrogen and phosphorus donors this year, 

into the complex series of pathways possible has 

obtained. [Pd(acac) $ reacts with 2-, 3-, or 4-methylpicoline, L, 

stable complexes of structure (14) Cl271 . Similar reactions are observed 

complexes of hfacac and tfacac [I281 . Platinum bis(p-diketonato) , 

been 

to yield 

with 

(s-dii1 , 

complexes react with ligands , L, to give CPt (p-dik)L21 CB-diil , 

CACp-dik-o) *L21 , CPt (p-dik) (p-dik-c-IL1 or CPtL41 ~JY-dikl 2, depending 

on p-dik and L Cp-dik-o and p-dik-c act as unidentate ligands bonding through 

o and c respectively). All the products are stable and, unlike their palladium 

analognes, do not readily isomerise _ Generally reactions with primary amines 

are said to yield CPtL41 CB- dikl 2, whilst secondary amines give 

[Pt@p-dik)L$ Cp-dik] and/or [Pt(P-dik-o)L21. However, reaction of 2-methyl 

aniline with Cpt(hfacac) 23 gives [Pt (hfacacl (hfacac-c3) L.l as the major product 

Cl291 . 

(141 

CPd(hfacac1 *I crystallises from the vapour phase as a molecular crystal 

with no strong metal metal interactions. X-ray diffraction confiims its planar 

structure. The reactions of the complex with pyridines have been 

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

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

diffraction. The point at which the sequence stops is primarily determined by 
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steric effects, and the scope of the process derives from the strong acceptor 

character of the metal centre and the relative weakness of the metal oxygen 

bonds Cl301 . 

k 

* 

0 T = hfacac 

Scheme 3 Reactions of [Pd (hfacacJ21 with pyridines, L [I303 _ 

A rather curious report details the conversion of (15) to (16) or (17) 

on treatment with varying proportions of [M (hfacac)2] (M = Cu or Pd) cl311 . By 

contrast, (18) does not react rapidly with CM(acac)J 11321 . 

The X-ray crystallographic structure of (19), formed by reaction of 

(2-methylphenyl) 3P with [Pd (hfacacI21 has been determined. The Pd-0 bond trms 

to phosphorus is 0.03 A longer than the other, and the unidentate hfacac 

ligand has a trans-planar structure [133] . 
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(bipy)Pd 
F’ [M(hfacac121 (bipy) Pd 

f 

(18) (191 

Pentane-2,4-dione may act, under appropriate circumstances, as a 

trihapto l&and. Reaction of [PC (acac)$ with (4-chlorophenyt) 3P yields (20) , 

the first example of a platinum complex of this type. Treatment with 

CpyHl CClO,l &es (211 C1341. 

R3p\ 

: Id+ ,Pt - 
J 

0 

R3p d ! [acac] 

(20) (21) 
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Reaction of an analogue of (201, (221, with C(R$‘) $d(H20) J CClO,l 2 

yields (2.3) and mixed metal complexes are obtained on reaction with 

C G’h3P) 2Pt W20) 23 
2+ and CNiCacac)2J 11351, 

[(R3P)2Pd(OH2)21[C10412 
> 

Treatment of CPd(tfaoac) 23 with R3P followed by pyridine yields 

CPd(tfacac(2-I -c, -01 (PRQ (pv31c, the structure of which was determined in 

solution by spectroscopic means. X-ray diffraction studies were performed on 

the complex with PPh3 and 2,6-dimethylpyridine , demonstrating that the 

nitrogen atom is trms to carbon and the phosphorus atom tram to oxygen in a 

square planar species Cl361 . 

The IR and Raman spectra of CPd(acac121 and its 3-bromo derivatives 

reflect the changes in electron distribution on bromination Cl373 . 

Photolysis of palladium(I1) oxalate in a water matrix at 77 K led to 

reduction of the oentral atom C1381 . Photolysis of K2 CPd(C204121 .4H20 crystals 

also gives reduction, this time to palladium metal with the other products 

being K2CC2041 and C02. Palladium particles are formed preferentially on 

structural defects Cl391 . 

Determination of the standard enthalpy of formation of solid complexes 

of the type [(diamine)Pt (dicarboxylic acid dianion)] has led to estimates of 

the mean bond dissociation enthalpies for Pt-N and Pt-0 in these species. For 

diamine dicarboxylates , the mean dissociation enthalpy for the Pt-0 bond is 

considerably greater than in Pt(III p-diketonato complexes 11403 . 

Treatment of cts- CPt (NH31 2 (OH21 2j [SO,] with glutaric W2L) or 
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succinic acid (H2QI in the presence of Ba(OH) 2 leads to the 

formation of [ EPt (NH31 2W 21. H20 and C {Pt (NH31 2Ql 2l . H20 

respectively. C 6% (NH31 2LI 21 is a cantrosymmetric dimer, (241 in which the cts 

square planar arrays about platinum are bridged by L to give a 16-membered 

ring [141] . Tartaric and malic acids act as cts-chelating ligands in the 

complexes [Pt(NH312LJ prepared from c&s- IPt (NH31 2C121 and Ag2L cl421 . 

A wide range of catechol complexes 0 has been synthesised according 

to equation (13) . Thew wem tested for their anti-turnour activity and the 

best m.sults obtained when R - CH2COOH or CH(OH) CH2NHCH (CH3)2 11431. 

HO 

[(Ph3P& Pt Cl21 
R KOH/PhH/MeOH P 

+ > (FhgP&Pt 

‘0 

(13) 

HO 

(25) 

CPd I( ECH31 2CHOI 2P (03 CH2CONEt21 (NO31 2l was prepared by the reaction 

of PdCN0312 with the phosphonate in acid solution. X-ray diffraction 

demonstrates that CNO,] - acts as a mono&ntate ligand ,. whilst the phosphonate 

bids through the carbonyl oxygen and the phosphoryl group Cl441 . 

The ionic radius for Pd2+ was calculated to be 0.721 A from the 

absorption maximum of its “salicylfluoronone” complex, the structure of which 

is somewhat imprecisely described 11451 . 

Amongst a ranse of other complexes of the platinnm metals the 15N NMR 



spectrum of (26) has been determined [1461. 

ph3P\pt/01p 
Ph Pi ‘o/N 

3 

(26) (27) 

The complexes [Pd(HL) 21 .nH20 where H2L is a p, s-triketone or a 

p-ketophenol are reported. The nature of the complex formed depends both on 

the temperature and on the L:Pd ratio _ Binuclear complexes of the type 0 

are formed under appropriate conditions El471 . Mixed metal complexes such as 

081 CM = Pd(II) amongst others) have been prepared. They are strongly 

coloured and two almost reversible one electron transfers are associated with 

the redox properties of Iv02j2+ Cl481 . 

Crown ethers form isolable adducts wth truns - CPt (‘NH31 (PMe2) Cl21 , 

trans - Ipt CNH2) 2C12J and [Pt (en> 21 [PF612. An X-ray diffraction study of the 

adduct between dibenzo - 18 -crown-6 and tram - m (NH.& (PMe3) Cl2J shows that the 

crown ether is bound to two moles of the complex with association to the 

ammine in C29). The other two complexes both give polymeric species with 

alternating crown ether and platinum complex constituents Cl491 . 



29 

1.5.2.3 Ambtdentate oxpgsn suLphur donor Ztgands 

An X-ray diffraction study of [(en) Pt (dmso) 31 [PF61 3. dmso .H30 revealed 

approximately square planar coordination with &s-s-bonded sulphoxides and a 

gauche conformation for en Ll501. 

Thermolysis of CKH3) 3SOl zCPtzIal in air or helium yields 

CPtz(dmso) 2141, (30) and two moles of iodomethane. (301 was identified by IR 

spectroscopy and contains trans-s-bonded salphoxides . This represents the 

first example of the transfer of an alkyl cation in thermolysis of an onium 

complex of platinum and is related to the Anderson rearrangement 11511 . 

Several studies report the kinetics of reaction of platinum complexes 

with sulphoxides. Reaction (14) has been studied with a wide variety of 

sulphoxidus. It was noted that the second order rate constants decreased with 

[PtCl,l 2- + R’R2S0 __j [Pt(R1R2SO)Cl l- 3 c cl- (14) 

increasing bulk of the sulphoxide, but electronic effects were small. There is 

some evidence that an o-bonde$ sulphoxide complex is formed initially 

with subsequent rapid conversion to the more usual s-bonded species 
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l-1521 . Palladium analogues were also studied and it was found #at the second 

displacement to yield trans- CPd(dmso12C121 was very much less favourable, 

presumably due to the strong tram -effect of dmso Cl531 . 

In the reactions of tram- CPt(py)2C121 with methyl aryl sulphides and 

2+ sulphoxides to yield CPt(py)2L21 , sulphoxides are about twenty-five times 

less reactive than sulphides. Kinetic studies revealed 

k2 [u) [complex] ; the first displacement of chloride is fate 

The kinetics of reaction (15) (L = dmso or H20) 

range of nucleophiles , Y _ A simple second -order rate 

substrate in which L - dmso is more reactive than the 

that 'cobs = (k, t 

controlling [ 1541 . 

were studied with a 

law is observed. The 

aqua complex, and 

additionally shows a significantly greater ability to distinguish between 

nncleophiles . The mutual labilising effect of the sulphoxides is due., at least 

in part, to the ability of this ligand to stabilise the five -coordinate 

intermediate by acting as a m-acceptor 11553. 

CPtCen> (dmso) Ll 2+ + Y”-- CPt (en> Urnso) Yl (2-n)+ + L (15) 

Thioxane s-oxide, (31) reacts with K2[PtC141 to give the 

monosubstitution product KCPtLC$l , or if added in excess, cts- CPtL2C121 . 

Further interconversions were investigated (reactions (16) - (18) cl561 . 

K D’tLC133 t CPt (NH31 4l Cl2 - IPt (NH31 4l CPtLCl+ 2 (16) 

KCPtLC131 f py p trcms- CPt (py)LC121 (17) 

K IPt (py) Cl31 + L , cts- IPt (py1 LCl21 (18) 

X-ray diffractiou stndies of Kg [cts-dibromo (hydrogenbissulphito) 
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platinum(II)] monohydrate, (32) reveals a distorted square planar structure. 

Short Pt-S bonds and long Pt-Br bonds confirm the strong trans-influence of 

sulphite . A very short asymmetric hydrogen bond links the sulphite ligands to 

form a six membered ring C1571. The out-of-plans modes of the hydrogen bond in 

the chloro analogue of (32) were assigned from the inelastic neutron 

scattering spectra I1581 . 

(32) 

1.5.2.4 SLUmtote oxygen suLphur donor Ztgancls 

The prepsration of CPt(RCSCH2COCF31 2l (R = CH2CMe2) has been 

described and its spectroscopic parameters determined c1593. 

~runs - CPt (NH31 2C121 reacts with HSCH2COOH (H2L1, with or without HCl, to 

give trans - CPt CNH3) 2C1 (HWI or CPt (NH31 2U _ Further transformations are 

detailed in reactions (19) and (20) C1601. 

50 - 60 oc 
CPtCNH3)2Ll t HC1 ) cts- IPt (NH31 2 (HL1 Cl1 (19) 

tmns - CPt CNH3) 2C121 + 2H2L 
H2s04 

+ CPt2 (NH31 4 UiL1 2l [SO41 (20) 

KCPt(C2H4) Cl,1 reacts with quinoline ~-oxide to give a complex of 

stoicheiometry cPtlC2H4)LC121 but a similar reaction with pyridine- 2- thione 

N-oxide yields (33) and (34) . K2CPtC141 gives only (34) . (34) reacts with 

phosphines to give monomeric species by displacement of oxygen. Their dynamic 

behaviour has been studied by NMR spectroscopy Cl611 . 

The extraction kinetics of Pd2* from HNO3 solutions by sulphidss have 

been determined. The ligands used included both simple sulphides and 

lo-hexyl-7,13-dithia-lo-axanonadecanol, lO, lO-dioxa-7, I6-dithiadocosane and 

10,13,16-trioxa-7,19-dithiapentacosane [162]. 
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The kinetics of substitution of CLMXI , (35) by Y- was studied by normal 

and stopped flow spectrophotometry El631 . 

M = Pd or Pt 

Y - NEt2, SEt or S- 

(351 

1.5.2.5 Ambtdmtate cqgen nttrogen donor Ltgands 

The metal substitution of [ML21 (HL - dimethylgyloxime, M = Ni, Cn or 

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

(21) depunds primarily on the counter ion (M ’ = Ni, CU or Pd ; X - Cl, [NO31 , 

[OCOCH,] , or I/2 [SO,]> with Pd(I1) rather easily replaced by NiIII) Cl641 . 

ML2 
+ M’X2 ___j M’L2 t M2+ t 2X- (21) 



33 

The mass spectra of the complexes (36) CM = Pd, Pt or Ni; R = Me or 

2-furanyl) differ significantly. The stability is in the order Pt > Ni > Pd, 

as expected, and the abundance of fragments with M-C u-bonds increases in the 

order M = Ni < Pd < Pt 11651. 

H 

II I 
OH 

(36) (37) 

A bis(oxim8) complex, all N-bonded, is formed by the liiand (37) with 

both palladinm(I1~ and platinum(I1) Cl663 . 

Bis (1,2-benzoqinone) dioximato palladium (II) , (38) , crystallises in two 

forms at room temperature. In the a-form the planar coordination complexes are 

stacksd with their molacular planes rigorously perpendicular to the stack, 

whereas in the p-form the planes are angled at 250 to the stack. The crystal 

structure of the a-form 

order phase transition 

C167l. 

varies as a function of temperature with a second 

at 110 K, to give a supercell below this temperature 
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t~cms - Bis (D -camphoroxime) PdC12 has been prepared from Na2CPdC141 and 

D-camphor oxime. An X-ray diffraction study showed that the oxime is N-bonded 

and that steric factors are unhelpful to cyclometaltation, which does not 

occnr, even under forcing conditions Cl681 . 

Both O,O- and N,o-chelation are theoretically possible in complexes of 

isonitrosopropriophenone, (39). IR data for the palladium(I1) complex imply a 

trans, symmetric square planar structure, (So), with o,o-chelation in contrast 

to the nickelCI1) analogne, which is N,o-chelated. The isonitroso iminato 

complex, (411, is N,N-chelated El691 . 

Ph Ph Ph 

(39b) (39c) 

O---H. 

H----O 

MO) (41) 

The ligand, (421, which has a crown ether portion to complex sodium as 

well as a potentially chelating amino oxime moiety, forms six-membered ring 

chelates bonding throngh nitrogen and oxygen to palladium or platinum in 

M @IL) 2.4Na CClO,J 11701. 

Benzoxazole, (43) and 2-methylbenzoxazole, (44) might also act as N- or 

o-donors. Their complexes [ML2X21 (M = Pd or Pt; X = Cl, Br , I, N03, or 

SCN) were characterised by IR and electronic spectroscopy and conductivity 

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

through 0 El711 . 

Hk N--OH 

(43) (441 

Reaction of the allene complex, c~sCPt(PMe2Ph) (C3H41 CQI with propanone 

oxime gave a product for which two structures, (45r) and (49~) could initially 

be proposed, Both X-ray diffraction and NMR spectroscopic data indicated that 

the material produced was in fact (4m Cl721 . 
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1.5.2.6 B-Ldentate and muttSdentate azygen nttrogen donor ttgands 

The preparation of the species [PtLlL2] (L1 = H2NCH2CH20H or 

H2NCH2CH2SH; H2L2 = HOOCCOOH or HOOCCH2COOH) has been described. 

Oxidative addition of halogens yields the corresponding trans platinum(IV) 

complexes [173] . Reactions of Pd(II) with mono-, di- and triethanolamine (eoa, 

deoa and teoa) were investigated spectrophotometrically . CPd Ceoa) Cl,1 , 

[Pd (deoa) Cl,] and [Pd (teoa) Cl21 were all isolated and snalysed, and numerous 

other structures including CPd(eoa)l+, CPd (deoa) 3l , [Pd (eoa) 2C14] and 

CPd2 (eoa) Cl3 were proposed to exist in solution. In all cases the ethanolamine 

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

The kinetics for ring closure for trans- [PtL2C12] (I = (46)) in the 

presence of [HOI - (reactions (22) and (23); L-H = (47)) have been 

investigated. The exact pathway followed depends on pH, and the species 

[Pt(L-H)2] has the structure (48) 11751. 

CPtL2C121 + HO 
fast 

’ [PtL(L-H) Cl] + Cl- + H20 

slow 
[PtL(L-H)Cl] + HO- ____, [Pt(L-H) 21 + Cl- t H20 (23) 

(221 
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(46) (471 (48) 

Reaction of Th4’ with CPdLl’- (H4L - H4edta1 results in an equilibrium 

with L’I’hL] and Pd2+. Measurement of the equilibrium constant gives the 

stabilty constant of [PdL12- relative to CThLJ Cl761 _ The reactions of 

C CHOOCCH2) 2N (CH2)6N(CH2COOH) 21 with Pd(II] have been investigated. 1: 1 

and 2: 1 complexes are reported and both carboxylate and nitrogen may be 

bound under appropriate conditions, but the precise structures 

involved are not defied [177]. Thermal decomposition of complexes of 

the substituted H4edta, I: (HOOCCH212NCH (CH31 CH2N(CH2COOH) 23 , (H4L) 

such as CPd(H3L) Xl .2H20 and [Pd2 (H2L) (NCS) 2].2H20, have been studied 

by DTA. Decarboxylation occurs in two stages, with free COOH groups lost first 

Cl783 . The thermal properties of Na3 CPdLC131 .2H20 (HL = iminodiacetic acid1 

were also investigated C1793. 

Reaction of a-pyridone with IF&n> (HZ01 2l [NO31 2 yields the 

head-to-tail isomer of lPt2(en) 2(C5H4NO) 4 (NO,] 2. X-ray diffraction 

in the solid state shows that this is a dimer of dimers with r@t-Pt) - 2.992 

k for the binuclear unit and 3.236 i for the interdimer distance. Roth of 

these values are slightly greater than is observed in the cts-diammine 

complex, which is attributed to a greater repulsion between adjacent in-plane 

ligands. This argument is also used to account for the fact that isomerisation 

is easier, but oxidation to Pt (III) more difficult Cl803 _ The reversible 

intramolecular head/head to head/tail isomerisation was studied by *95Pt NMR 
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spectroscopy, and it was concluded that the reaction occurred dissociatively 

vtn initial cleavage of the Pt-N bond E1811. The reaction of a-pyridone 

with cts- CPt (NH31 2 (HZ01 2l 2+ gives both the head-to-head and the head-to-tail 

bridged dimers , Pt2 (NH31 4 (C5H4NO) 2l 2+. X-ray diffraction studies are compared 

with those of the analogous platinum pyridone blue Cl823 _ Both 5 -chloro and 

5-methyl a-pyridonates form bridged binnclear complexes of the type [M2L4] ; 

across the transition series X-ray diffraction studies show a progression to 

longer M-M and shorter M-O and M-N bonds C1831. 

A range of o,N-chelating ligands where the oxygen donor atom is a phenol 

have been studied. (49) is formed from the tridentate ligand, 

N- (2 - diethylaminoethyl) salicylaldimine and has been studied by X -tay 

diffraction. The complex is close to planar, though the copper analogue shows 

somewhat greater distortion Cl841 _ 

(49) GO) (51) 

The two oximes, (501 and (51) form complexes of stoicheiometry [PdL2J . 

These have been studied by IR, electronic and Mossbauer spectroscopy Cl851 and 

thermogravimetric techniques Cl861, all of which support the assumption of an 

o,N-chelated structure. The complexes CM CHL121 .2H20 of resacetophenone phenyl 

hydrazone (H2L, (52)) have been prepared and characterised. Coordination 

occurs through the asomethine nitrogen and the adjacent phenolic oxygen, in a 

square-planar, but polymeric complex 11873 . 
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,NHPh 

(52) (531 (541 

The kinetics of complexation of platinum (II) with 

4- (2-pyridylazo) resorcinol, (53) , and analogues have been investigated in 

various solvents Cl883 . 

2,6 -Diamino-4-hydroxy-S-nitrosopyrimidine, (541, forms a tridentate 

palladium (II) complex, CPdLCll . 2H20t which was characterised by IR 

spectroscopy and DTA. Coordination is said to occur through OH, NH2 and the 

ring N-3 C1891. 

The complexes, CPdL21 , of 3-methyl-4- (4-methylphenylaso)pyrasol-S-one, 

(551, and analogues are reported to be square-planar. Neither the mode of 

ligand binding nor the stereochemistry of the complexes are specified C481. 

Somewhat better data were provided for complexes of 

3-amino-4-arylazopyrazolones. Again it is the anion which is metal bound with 

the structure (56) proposed for the CL2Pdl complex. The structure of 

[PdL4(H20) 2l is less clear Cl901 . 

Many hydraeides, including mslonodihydraxide and ethanoyl hydraside, 

form metal complexes as unidentate nitogen donor ligands. However, HCONHNH2 

acts as an o,a-bidentate ligand in CLPdCLJ with biding from the carbonyl 

oxygen and the terminal NH2 group C1917. 3-Phenylhydrasono-5-methyl tetronic 

acid, (57) , LH, and 3,4-di (phenylphydrazono) - 5 -methyl tetronic acid, (58) , HQ , 



exist as a mixture of several tautomers. Reactions with frans- [Pd(NH~}~{~~~)~~ 

give respectively [PdL,$ and CPdQ2 (NH3123, the structure (59) being proposed 

for CPdLG Cl921 . 

I 

CSSal (55bI 

C56) 

/NHPh 
N 

Ph 
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The CD spectra of I(quinin8) PdCl2J.ZH20 and f(qGnin8) (PdCU21 AH20 have 

been detcrmin8d in dmf and dmso. There are strong Cotton effects in the d-d 

range. Quinine is thought to act as an o,N-chelata in @io) [1Q3]. 

SMe 

L.igands capable of multidentate coordination continue to be developed. 

4- [2- (Methylthio) aniline] -3-p8ntene-2-oae, (61) was prepared by condensation 

of pentane-2,4 -dim with 2-m&hylthioan%n8. Rmction with Na2 [PdClJ #MS 

IFd f (6111 CII in which L is o,S,N-coordinated. Transformations of this complex 

ar8 &awn in kh8m8 4 Cl943 . 

The compl8x8s, mdL2] , of phenanthraquinone monothiosemicarbaza, (62) 

and 2 -hydroxy - 1,4 -naphthaqu~on8 thios8mic~b~n~, (631, w8re prepared and 

oharactsrisod; thair steraoohsmistry is not known [IQ51 . 

(621 (631 
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NaOMe 

I 
Me 

i 

T! (acac) 

Scheme 4 Transformations of [Pd(6l)L] [194] 

(641 (M - Cu, Pd or Pt> is prepared by 

MC12 with the ligand iu ethanol. The ligand is 

Y,Y ’ = COOMe, CN 

heating under reflux a mixture of 

prepared from snthranilic acid 
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and 4-methyl-7-hydroxy-8-acetylcoumarin Cl961 . 

(64) 

Reaction of the binuclear complex, (651, with indole causes replacement 

of the acetate bridge with an indola bridge. Using 3 - hydroxypyridina , two 

isomers, both N,c-bridged, are formed, (66) and (671; in (67) the OH function 

is linked to another molecule Cl971 . Binuclear complexes of structure (6681, 

are formed from 2- (a- pyridonimino) propanoic 

2- (a-pyridonimino)benzoic acid, have been prepared 

acid (X = 

and characterised 

CH2CH21 and 

c1981. 

(65) 

OH 

HO 

Q / 
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1.5.2.7 Btdentate arygen carbon donor LCgands 

Reaction of [Pt (PPh3) 2(02)1 with sn alkene R2C-C (CN) 2 (R = CN or 

Me) gives a cyclic species (69) _ An X-ray diffraction study of the complex 

with R = Me reveals distorted sqaate planar coordination about platinum with a 

twisted five-membered ring Cl991 . 

R 

(69) 

1.5.2.8 Untdentate suLp??ur donor LCgands 

The rate law and temperature dependence of ligand exchange of dimethyl 

sulphide in C(Me2SI2PdC123 was studied by ‘H NMR spectroscopy in various 
* 

solvents. &V is correlated with the solvent electrorestriction parameter, 

implying a highly symmetrical associative ligsnd exchange pathway with a 

trigonal bipyramidal transition state OI intermediate [2OO] . 

The rate of reaction of R2S with [ (dien) P&l’ was studied in 95% 

methanol; the second-order rate constant is relatively insensitive to the 

electronic effect of R, but is reduced for bulky R groups C2Oll . The 

cts-effect of the ligands L = R2S or R2SO on substitution reactions of 

C(en>PtLX]+ by halide was studied potentiometrically. An associative mechanism 
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is proposed with the cts-influence decreasing in the order Me2SO ) Me2S > 

Et2SO > Et2S > Pr2SO > Pr2S 12023. 

~rans - [ML,Cl,l (M - Pd or Pt; L = (701, (71) or (72)) may be prepared 

by reaction of -K2CMC141 with L. The complexes were characterised by IR 

spectroscopy and DTA and their antibacterial activity studied [203] . Dynamic 

NMR spectroscopic studies of analogous complexes of thiacyclohexane , 

thiacyclobutane and I-thia-3-methylcyclobutane have been carried out. The 

variation of the rate of inversion at the pyramidal sulphur atoms with 

pressure was determined; aV* is very small, implying that there is little or 

no participation from 

R 

A 
solvent in the process C204l . 

Ph P 

PhAsAPh 

R = H, CH3 or Ph 

001 

uSAPh 

01) 

-SW 

R = CH3 or Ph 

cm 

Fusion tn YOCUQ of [PtL2(SR) 23 (L = PPh3 or PMe2Ph; R - 

CH2Ph or 4-methyl- C6HJ yields the dimer CELPt (SRI (b-SR)121 from 

both cts- and trans -isomers. An X-ray diffraction stndy of 

ECPt(PMePh2) (SCH2PU (&-SCH2Ph)121 shows that it has c&r-geometry, 

with the benzyl groups of the bridging thiolato ligands onet to each other 

[ZOSJ . 

That sulphides coordinate to palladium more strongly than the 

corresponding sulphoxides received an interesting confirmation in a study of 

the complexes (73) - (75) (R = 4-methyl-C6H4) . (73) is the best catalyst both 

for cyclotrimerisation of diphenylethyne and isomerisation of ally1 

ethanoates. In both processes a vacant metal coordination site is essential 

and the sulphide sulphur is too strongly bound for facile dissociation [2061. 

The thermochemical aspects of the conversion of the Magnus salt 
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compounds CPtL4J CPtC141 (L - R2S, R3N or R3P) to CPtL2C121 have 

been investigated [2071. 

Cl -+d -CL 

R- S--Me 

a 

P I 
R-_S-Ct+--S- CH3 

Cl-RI-Cl 

I 
R-S-C$_-S--H3 

b 
I 

(731 

The complexes [PtL4] X2 ( 

CBPh41, 1/2CSO41, 1/2EC2041 or 

are comparatively weak electrolytes 

hydrogen bonds to X, the strength 

(74) (751 

where L is a thiourea and X = Cl, I, EBF4J , 

V2CSiF31) have been investigated. They 

since the NH2 of the thiourea forms 

of which increases with decreasing size and 

increasing charge on X- 12081. The mechanism of reaction (24) has been 

investigated 12091 . 

~cllts - CPt (NH31 2C121 + 
Na CClO,l 

tu M trans- [Pt (NH31 2 (tu) CO Cl (24) 

The nephrotoxicity shown by cts- [Pt@.IH3)2C121 iu cancer treatment 

is alleviated by coadministration of sodium diethyldithiocarbamate , so 

the reactions of thiocarbamates with platinum complexes is of some 

interest. The preparation of ~I-UIIS- [ML2X2J , M - Pd or Pt , L = 

N,N-dimethyl-o-ethylthiocarbamate, (76)) and N-methyl-o-ethylthiocarbamate , 

on, bY a new method, has been described. The complexes were themselves 

tested for cytostatic activity; derivatives of 06) gave poor results, whereas 

moderate activity was detected in the platinum complexes of (77) E2103 . 1: 2, 

1: 3 and 1:4 derivatives, CML2X$ , [ML3XjX and [ML41 X2 (M = Pd or Pt; 

x - Cl, Br or I> of o-ethylthiocarbamate have also been synthesised. IR 
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S 9-l 
Fe ---eFd---Pf'h3 

The structure of [(dppe1PtS4] has been established by X-ray diffraction 

to be (24); the central S-S bond is shorter than the others C2161. 

Diallyl snlphide,L, reacts with K2CPtC141 to give 1: 1 and 1: 2 complexes 

U’t, G-L> 2C141 and fPtZ (p-t) Cl,1 2- in which L is bidentata and bridges through 

the sulphur atom C2171 . 

Stereochemical aspects of the complexes of bidentate thioethers have 

been investigated. The lg5Pt NMR chemical shift in [ {RlSCH(R2) CH2SR1] PtCld 

depends both on ligand basicity and molecular conformation. The GA transition 

is relatively easy in the five-membered ring C2181 . X-ray diffraction studies 

of (8!i) show that in the solid state 

coordination with the phenyl groups antt. 

I--I -I--I bridges giving an essentially 

PaRadium is extracted from CPdC14J 2- 

the palladium has square planar 

Adjacent molecules are linked by 

linear I, arrangement 1219, 2201 . 

solutions by C8H17SCH2CH2SC8H17, L, 

as a five-membered neutral chelats [221] . Total band shape fitting methods in 

the NMR spectra of (86) and (87) where the chelating ligands include 

MeSCH2CH2SMc, MeSeCH2CHqSeMe, Me.5 (CH2) 3SMe, cts-MeSCH-CHSMe 

or (88) and X = Cl, Br or I ~ provide accurate inversion barriers at sulphnr 
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and selenium. 3p-2p n-conjugation between sulphur and the conjugated backbones 

causes a lowering of the barrier by 10-12 W mol - ’ C2221 . In both (89) and 

<w) sulphur inversion was found to be fast at room temperature. If bromine is 

replaced by chlorine in (90) the barrier is lowered by about 20 kJ mol -1 

12231. 

r Ph 1 

a S y1 
s’ \I I2 

L Ph _I 

(85) (861 

(87) (88) 

(89) (901 

More detailed studies of dithiolatss have been published. The structure 

of CPt (S2C2Ph2) 2l is described C2241. RPR spectra of the one-electron 

reduction products of this and its palladium analogue confirm that the 

reductions are ligand based. Cyclic voltammetric studies show a ~uaet 

reversible redox process (reaction (25)) ; in (91) the unpaired electron is 

delocalised over both metals and to soma extent th4 c4ntraf metal atom c2251 . 

Two reversible reductions were also noted for (92) (M = Ni, Pd or Pt; 
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R, R’ = CMe3, CF3, Me or Ph) ; again the electron transfers are ligand centred 

[226] . The electrical conductivities of [Et&J CPt (S2C2Ph2) ,I and 

[Et4N] [Pt(S2C2Me2) J have been measured. The monoanions bearing a phenyl 

substituent are more conducting by a factor of lo5 than the cyan0 analogues, 

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

The new complexes (33) have been prepared; they luminesce in the solid 

state at loom temperature and in frozen glass media. The small Stokes shifts 

imply that the excited and ground state geometries are similar and the 

emission absorption system is assigned to a singlet triplet 

hgand charge transfer C2281 . 

d-rr*(mnt) metal to 

Simple dithiolates of the type IL2Pt(SR)21 (L = PPh9, PMe2Ph or PPh2Me) 

are prepared by treating the corresponding chlorides with RSH/Et3N. The 
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Interest in dithiocarboxamide complexes has continued. The 

bis (dithiocarbamate) , (99) , is prepared from Na[S2CNRlR2_l and PdC12 or 

K2W141 . Infrared spectroscopy confirms the bidentate structure [234] . 

Thermolysis of (991 CR1 = R2 = 4-ethoxyphenyl) yields palladium sulphide 

C2351. Restricted rotation about the C-N bonds in (99) (R1 = H, R2 = CH2CH2Ph) 

has been studied by high performance liquid chromatography. nH* for the 

rotation was determined to be 83 & 5 W mol -1 
[2361 . By contrast, (1001, on 

thermolysis, yields initially Pt [SO,3 and finally PtO [2371 . 

Ph Ph 

c99 ClOO) 

Reaction of Na[S2CNMe21 with CPt2(PEt312C143 gives the curious binuclear 

complex (101). IR spectroscopy shows that the C-N linkage has considerable 

double bond character [238]. (102) was prepared in 40-65X yield U~U reaction 

(261 f.2391 . A monodentate dithiocarbamate is reported to be present in the 

complex WdL2 (pip> 2] .2H20 (L = pentamethylenedithiocarbamic acid) t.443. (103) 

is one of the complexes which, when anchored to silica gel, is a catalyst for 

carbonylation of ArN02 to ArNHCHO and ArNHCOOH [240] _ 

/ 

NMe2 

7 1 f’ 
Et3P -pt--S-PPt-CCI 

I 
CI PEt3 

(101) (103) 
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CPh3P12F'tC1~ + NH2 + CS2 I 
ph3p\pt/s 

NR (26) 

Ph P/ 3 \s 

R - CH2COOEt, CH2COOH, CH2Ph or C(CH313 

The metal atomic charges in nickel, palladium and platinum chelate 

complexes of dithiocarboxylates were calculated from atomic polarizability 

determinations and by the genetalised Born-Haber cycle [till . Reactions of 

(104) with H2[PdC141 and K2CPtC141 were reported to give respectively [PdL$ 

and lPtL41 . Curiously, however, the authors describe both as complexes of the 

metals in the t2 oxidation state C2421 . 

(104) (1051 

Thermolysis of the formally Pt(0) complex [Pt(q2-CS2) (PPh312] yields 

PW3 and a polymer of structure (105) C2431. Oxidative addition of COS to 

CPd (PR3143 gives CPd(PR312 (S2CO)l in which the S2CO moiety is coordinated 

through both sulphur atoms. The structure of the complex for which R3P - 

Me2PhP was determined by diffraction methods. A possible mechanism for the 

process is shown in reaction (27) 12443. 



cos cos 
CPdL43 _I) [PdL 3 ~l__f CPdL 2 2 (q2COS>l M 

L Pd/‘\, 
7\ 

2 ‘s d - L2pdV 

c=o + co 

- 

\ 

(27) 

2.5.2.10 Ambfdentate sulphur-dtrogsn donor Ltgands 

Studies of linkage isomerism in thiocyanate complexes continue. A 

systematic study of [ (diamine) Pd(SCN) 23 species is reported, including 

diffraction studies of complexes of (106) and (107). It was concluded that an 

increase in steric hindrance in the amine promotes N-bonding on the part of 

the thiocyanate, but the bonding mode is also influenced by the physical state 

of the complex, kinetic factors and the solvent in which the complex is 

prepared or crystallised C2451 . IR spectral data were used to establish the 

mode of SCN coordination in eight palladium(I1) thiocyanate complexes with 

phosphorus donor ligands 12461. 

<106l (107) 

The linkage isomerism of rPd(Et4dienI GCNI 3’ was studied as a function 

of temperatote and thiocyanate concentration in water and dmf Conventional 

wisdom snggests that s-coordinated SCN adopts a bent conformation and hence is 



more sterically demanding than the linear N-coordinated isomer. The steric 

effect of tile ethyl groups in this case makes the N-bonded isomer more stable 

55 

by about 9 kJ mol- 1 _ The mechanism of interconversion of the two isomers 

involves both direct CSCNl - attack and a solvent modified pathway, both Ia 

[247] . 

The kinetics of 

selenides or sulphoxides) 

&s-effect of the ligands 

ligand replacement in reaction (28) (L = sulphides, 

were studied in O-1 M Na CC1041 solutions. The 

decreased in the order Me2S0 > Mt2S > Me2Se ) 

Et2Se > Pr2S0 > Pr2S > Et2S0 > Et2S 12481. 

CPt (en) LCU + + IscNl------+ [Pt(*n)L(SCN)l+ t Cl- (28) 

The mechanism of 

type of polyurethane 

concentration palladium 

sorption of a PdUI) thiocyanate complex by a polyether 

foam has babn investigated. At low thiocyanate 

is extracted as PdCSCN) 2. At high 

concentration the reaction is more complex; CPd(SCN) 4l 2- is the 

involved, but the detailed process depends on the complexation of 

by the foam C2491. 

thiocyanate 

major species 

the cation 

A bridging mode of coordination is proposed in (108) and (log), prepared 

in reaction (29) (X = CN or SO. There is no evidence as to whether the 

original Au-SCN or Au-CN linkage is retained or whether isomerisation occurs 

[250] . 

The ligands Ms2Si(NCS) 2 and M&WCS) 2 complex to PdC12 through sulphur 

in CLPdC121 , though with harder acids N-coordination predominates C251l . 
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3 
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76F5 

CR4Nl CC6F5-AU-X-Pf-S 
3 

] 

‘SF5 
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I 

‘gF5 

I.5.2.11 BZdentats anU mult$dentate SuLphur n6trogen donor Itgands 

The complexes CPtLL’J (L = HSCH2CH2NH2 or 2-aminothiophenol; H2L’ 

- H2C204 or RCH(COOCH3)COOH) have been prepared and characterised; L acts 

as an N,s-chelate [252J . (110) is synthesised from [Pt (en) Cl,1 and 

2- thiopyridine; in the solid state it closely resembles 

isomer of the corresponding a-pyridonate complex C253] . 

.a 

the head-to-tail 

S 
NH2 

RNH 

NH2 

R = H, Me or Et 

Cl101 

A range of complexes of 2- amidino - 2- thioureas, 

CML2X21 (M = Pd ; X = Cl or Br) have been prepared; all 

Preliminary diffraction data on bis (1 - amidino - 2- thiourea) 

have been reported 12551 . 

Complexes [ML21 Cl2 (M = Pt, Pd or Hg; L 5 

(111) 

(1111, of the type 

are s,N-bonded [254] . 

palladium, (1121, 

a thioamide) have the 
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H2N NH2 

(112) 

1 Cl,. 2H20 

(113) 

structure (113) . CMLCL$ species have also been isolated C2563. Thioamides 

such as (114) form related complexes (1151 but species with the alternative 

ligation (116) were also characterised C2571 . 

(114s.) n = 2 (115) 

(116) (117) 

Cyclohexanone thiosamicarbasone (HL) , acts as an s,r+bidentate ligsnd in 

CM(HL)21X2 (M - Pd or Pt; X = Cl, Br or I) . Under alkaline conditions the main 

species isolated is M-+J ; the ligand is still s,r+coordinated, this time 

through the enol form, (117) C2581 . An s,nr-chelated complex CPdL$C12 .&I20 is 

also formed from <118), coordination occuring through sulphur and the NH2 

group [259] . a-Diketone and a -ketoaldehyde bishydraaones d8liVi3d from 
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hydrazine-s-methylcarbodithioate are proposed to give complexes such as (1191 

[260] . 

(118) 

\ 
N ==c 

SMe 

Cl 191 

R- H or OH 

The infrared spectrum 

analysed indicating, albeit 

of the polymeric species [Pt (HNSCCSNH)], has been 

rather vaguely, a square-planar stmcture with a 

cis-configuration W01 II2611 . 

The ligand (121) (HL) forms tridentate complexes (122) with 

palladium (II) . Treatment with AgCCIOql in the presence of a coordinating 

solvent, S, yields [PdLS] [ClO,] and the solvent may be replaced from this 

species by a variety of Lewis bases 12621. 

R’ 
R’ 

Y 

d 

T- 

A 

Nh NR2 

c 

N 

‘pd’ 
NR;! 

S_-’ 
5’ ‘x 

MeS MeS 

(121) 022) 



1: 1 complexes between (123) and PdC12 and PdCPF612 

In the chloride, palladium is five-coordinate with a trigonal 
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have been prepared. 

bipyramidal 

structure and two isomers, the CLS,C~E,CLS and the cts,cts, tram, have been 

crystallised 12631 . 

(123) 

1.5.2.12 adentate suLphur carbon donor Ltgands 

A complex series of transformations (Scheme 5) has been established for 

complexes of the ligands XPh2PCH2PPh2Y where X and Y are oxygen, sulphur or 

selenium. All the complexes (lU)- (127) have been characterised for X - Y = S, 

including a diffraction study of (126) which shows the four membered ring to 

be essentially planar. 0%) and Cl= were characterised for X = S , Y = 0, 

but the complexes in which X - Y - Se were less stable 12641 . 

Reaction of (128) with [Pd(PhCN) 2C12J yields (1291, the structure of 

which was estabhshed by X-ray diffraction. The two six-membered rings adopt 

different conformations, one being a twist-boat and the other a twist-chair 

C2653. 

SMe 
air 

- + KPhCN)2PdC121 F 
= 

Cl231 (129) 
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CH /PPh2X 
21 

‘PPh2Y 

t3uLi / 
PPh2X 

> LiCH \ 

KEt3P)2Pt2Ct41 I 
\ PPh2Y 

Ph2 

c 

=x\ /PEt 
3 

p=Y/Pt\C, 

I,8 - bls di methyt- 
> 

am inonaphthat en e 
Ph, 

L 

Ph p//X\pt/PEt3 
2 

y 
‘ct 

Ph,P=Y 
L 

(12 51 

I PEt3 

Ph,yx\pt/c’ 
r-j \ PEt3 

Ph ,j=Y 

(126) 

Scheme 5 Transformations 

ligands C2641 

of complexes of bidentate sulphur carbon donor 

Further coordination chemistry of 

Ph,/>Y 

(127) 

sulphines , XYC-s=o , has 

been investigated with the aim of synthesising unstable 

sulphines in a metal coordination sphere. Reaction of 

ct$-Z- [(Ph3P)2Pt(II) (4-methyl-C6H4-S-C=S-0) Cl3 with KC4-X-C6H4S1 gives 

C~S-E- and cts-Z- C(Ph3P)2Pt(II) (4-X-C6H4S) (4-methyl-C6H4-S=C-0)l C2661 . 



61 

1.5.2.13 SeLentwn 6mor Ltgan6s 

A detailed preparation of mixed ligand diselenocarbamates by reactions 

(301 and (31) has been published; the disslenocarbamates are synthesised from 

CSe2 and amines [26n . 

CPd (Se2CNEt2) 2l + CPd(PPh3) 2C’21 - 2 CPd (PPh31 (Se2CNEt21 Cl1 (30) 

CPt (Se2CNEt2) &I + CMe2Pt (PPh3121 - 2 [Pt (PPh31 (Me) (Se2CNEt21 1 (31) 

1.5.3 Complexes wi.th amtno actds, pepttdes and nucLetc actds 

Since most biologically important molecules bind to palladium and 

platinum through Group VI and Group V donor atoms, the practice of considering 

them between ligands belonging to these two groups is continued. The 

interactions of palladium(H) and platinum(I1) with proteins and nucleic acids 

have been reviewed C2681. 

2.5.3.2 Amttw adds 

The reaction of cts- [Pt(NH,) ,, (OH,) ,J2+ with glycine has been studied in 
Jl 41 

some detail. The initial reaction gives the o-bonded 

in equilibrium with (131). Slow irreversible loss of 

o,n-chelate (133) in a self-inhibiting process. As 

complex (1301, which is 

H,O+ from (130) gives the 

the reaction proceeds the 

pH falls from 4.5 to 1.5 and the process is substantially accelerated by 

addition of base. Other amino acids undergo an analogous process C2691. The 

system PdC12/glycine/H20 has been studied by potentiometric titration to 

determine the stability constants of 1: 1 and 2: 1 complexes 12703 . 

A careful and detailed study of the IR spectral parameters of the 

c&e- and trans-isomers of the complexes [Pt(NX2CH2COO)2], 

MNX2CH2COOH) 2C’21 and D’t(NX2CH2CONXCH2COOEt) 2C121 (X = H 
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or D) faifed to reveal any changes which could be attributed to different 

*runs-effects in cts- and zrn-isomers 12711 . Glycine complexes of 

paUadium(I1) and platinum(IT) react with amide acetals to yield o,o-chelated 

species (reaction (32)). The structure of (133) was established by X-ray 

diffraction [2721 . 

- i-$0 + 
a 

slow 

(130) (132) 

‘I H2NCH2COOH 

M - Pd, Pt or Cn 

R’ 

R 4 OR’ A (32) 

NMe, 

R = H or Ph; R’= Me or Et 
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The kinetics of the reaction between [Pd(en) (OH2)2j2+ and glycine ethyl 

ester have been studied E2731 . 

The syntheses of sixteen new neutral complexes of the types [PtA2121 (A 

= DL-alaOEt, L-alaOEt, DL-pheOEt, L-pheOEt, DL-aspOEt, L-aspOEt,DL-serOEt 

or L-1ysOEt) and CPtA’2C12] (A’ = DL-alaOEt , L-alaO& , DL-serOEt, 

DL-pheOEt, DL-aspOEt or L-aspOEt) from K2CPtX41 and the relevant ester in 

water have been reported. Dipole moment data suggest that all the iodides have 

cts-stereochemistry. The chloro complexes of DL-alaOEt, D-alaOEt and DL-serOEt 

are also cts, but other chlorides are tram (2741. The structures of 

trans-dichlorobis (L-ethylphenylalanate) Pt (II) f.2751 and 

cts -dichlorobis (diethylaspartate) Pt (II) 12761 were established by X-ray 

diffraction. Both are square planar. 

Substantial differences in the optical activity of the cts-his chelates, 

CF’tL21 CL - ala, ile, D-leu, pro or norvaline) and cts- CPt (pro)L’l (L’ = ala, 

ser, val or sarcosine) between aqueous solutions and a ICBr dispersion have 

been noted. The diffemces are less pronounced for the trans-isomers. Analysis 

of electronic absorption and CD spectra of the solids and the solutions 

implies that there are strong intermolecular interactions in solid samples of 

cts- [Pt (val) 2J , cts- [Pt (norvaline) 2l and trdns- [Pt(pro) (ser)l , possibly 

attributable to hydrogen bonding C2771 . Unidentate amino acid Pt (II) complexes 

of the type [Pt(LH) 2(t.hio)21 Cl2 (thio - thiocarbamide; LH = L-alaH, 

L-valH, L-tyrH or L-hydroxyproline) have been prepared and their electronic 

and CD spectra studied in aqueous and dmf solutions C2781 . 

L-histidine complexes have been studied by potentiometric titration. 

CPd (hisH) 2l Cl2 1 [Pd(hisH) Br21 and CPd (hisH) Cl21 all have the amino acid 

coordinated through the amino group and the nitrogen of the imidazole ring 

c2791 . 

Reaction of amino acids with CPt(bipy) C121 yields CPt (bipy) U Cl (L = 

gly , ala, leu, set, cys OT met) . Conductivity measurements show that these are 

1: 1 electrolytes and IH nmr spectroscopy demonstrates that gly, ala, leu and 
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ser bond through oxygen and nitrogen, whilst cys and met are N,s-coordinated. 

All except the leucine complex show antiviral activity against tobacco mosaic 

virus [2gO] _ Kinetic data have been obtained for cts-tram isomerisation of 

[Pt(amino acid] (dmso) Cl] by Cl- or dmso (amino acid = gly , N,N-Me2gly, pro or 

sarcasine) . The cts-N,s-isomer is favoured for amino acids ansubstituted at 

nitrogen. Rate data (from NMR spectroscopic and radioisotope techniqnes) 

imply, unusually, that ismoerisation vta pseudorotation of CA (amino 

acid) (dmso) Cl21 - predominates by a factor of 4-20 over consecutive 

displacements for the Cl- catalysed reaction. The dmso catalysed isomerisation 

proceeds vta consecutive displacements [281] . 

Amino acids containing sulphur have more modes of metal coordination 

available to them, and complexes employing these alternatives are well known. 

The vibration frequencies and forms of vibrations for the (M02S$ fragments of 

cts- and ttans- [MLZJ (M = Pd or Pt; LH = cysteine) have been calculated and 

compared with experimental IR spectra 1282, 2831. Reaction of K2[PtC141 with D 

or L forms of cysteine, methionine or methyl methionate hydrochloride gives 

cts - CPtLC121 , which are the first reported well-charaoterised enantiomerically 

pure neutral complexes of this type. Sulphur and nitrogen we the preferred 

ligating atoms in (134) and stereochemical inversion at sulphur is slow on the 

nmr spectroscopic timescale 12841 . S and N are also the preferred ligating 

atoms in complexes of s- benzyl cysteine, whilst gly- s- benzylcysteine is an 

S,N,N-donor [2gS3 . In reactions of cts- IPt(NH3)2(0H2)2.12+ with cysteine, 

methionine and glutathione, the initial product has the amino acid ligated to 

platinum vta sulphur . On treatment with base the S,N -chelate is formed from 

the methionine complex and the s,o-chelate with cysteine [286] _ A CD study art 

coordination of methionine and methionine containing peptides to palladium (II) 

shows that the amino acid is normally N,.s-coordinated, whilst gly-met is an 

N,N,s-donor C2871. 
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1.5.3.2 PeptCdes 

CPdCl4J 2- reacts 

(134) R,R’ = H or Me; x = 1 or 2 

with the dipsptide gly-pro to give the 1: 1 complex 

(135) and [proCOCH2NH2)2PdC1d , Gly-gly-pro coordinates in a similar manner. 

Coordination of @dine to these palladium(I1) dipeptide complexes is uta 

N(3) ; a monocytidiie complex is formed where the peptide is gly-pro, but the 

gly-gly-pro spa&s gives a biskytidiie) derivative [2881 . Cysteine 

containing peptide complexes of palladium(II) have been synthesisad and 

studied by 1H and 13C NMR spectroscopy. Only the thiolato group is coordinated 

in trans - CPd (peptide) 2C121 2 _ [2X9] . Binding of K2[Pt(CN) 4l to bovine liver 

rhodanese has been studied by diffraction methods; binding occurs at one sit8 

at the entrance of the active site pocket with interactions with arginine-186 

and lysine - 240 E2901 . 

H2 

(135) 

1.5.3.3 NucLetc actds and nucLeostdes 

The complex Ipd2C12Ad2 (AdH)] .2H20 (AdH = ad8riine) has been isolated 

and characterised. The most probable structure is (136) [291] . 

The reaction of CPd(en) (OH21 21 2+ with Purina nucleosides and nUcl8Otides 

was studied by NMR spectroscopy. For inosine, guanosine, adenosine , 5 ’ -IMP, 
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P I 
H2N- Pd - 

I 
CL 

2 

036) 

S’-GMP, 5’-AMP, 5’-ATP and 2’3’-AMP reaction occurs at N(7) in acid 

solution and N(1) in base. Near neutral pH polymers and mixtures were formed. 

Earlier work suggesting that N(7) -O(6) chelation might be important was 

largely discredited [292] . The complex [Pd(en) (AMP)12+ enhances the stacking 

of AMP to a greater extent than the analogue, CPd(dien) (AMP) 1 2+. It is thought 

that AMP may bridge {PdCen) 1 nnits by coordination throngh both N (1) and N (7) 

C2931. This series of complexes closely resemble those reported last year with 

the cts - IX% @JH3) 23 unit. 

Treatment of pd2 (p- Cl) 2Q2J (HQ = methylcysteinate) with nucleosides , 

HL, yields [PdQ (HL)Cll in dmso solution. N(7) of the nucleoside is bound tram 

to the sulphur of methyl cysteinate. In water guanosine and inosine are said 

to bind through 0 (6) as well as N(7) , but chelating and dimeric structures 

were not distinguished [294] . a.~- [PtLL’ Cl,! .&I20 (L = gly or ala; L’ = 

adenosine, gnanosine, inosine, cytidine or uridine) have been prepared. The 

amino acids bind as monodentate ligands through the amino nitrogen, adenosine 

and gnanosine coordinate at N(7) , inosine at N (1) and cytidine and nridine at 

N(3) II2951 . 

Reaction of inosine, (137)) with CPd(en) Cl,& has been monitored by 

stopped flow techniques. At pH < 5 initial coordination is to N(7) and the 

reaction mechanism involves a substantial contribution from a solvent mediated 
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pathway [2961. 

kibose 

(137) 

A range of complexes of inosine, guanosine and xanthosins and their 

d8riVatiV8S has be8n prepared, including cts- [Pdl.$ , cts- [Pd(HL)2C121 and 

CMLlL2Cll (M = Pd or Pt; HL = triacetylinosine, triacetylgaanosine or 

triacetylxanthosine; L1 = py; HL2 = ho&e, gWlOSin8 Or XarlthOSille) . Th8 

authors concluded that N(7) -0 (6) biding occurs from IR spectroscopic 

eVid8nC8, but some of their assignments lack rigour 129n . 

[Pt (bipy) (nucleosid8)~ Cl2 complexes of guanosine and inosine and their 

analoguss using bipy, o-phanylena diamina and 4, S-dimethyl o-phenylene diamine 

(I..L) are prepared by treating [Pt(LL) C121 with an excess of nucleoside. 

spectroscopic data indicate the customary N(7) binding C2981. Similar 

complexes. rt~-lIPtL~~L23~+, (L - guanosine or 9 -msthylhypoxanthine ; L2 = 

H2NCCH2)3NH2, bipy or 113811 were prepared by Dutch workers and studied by 

NMR spactroscopy. Rotation of L1 about the Pt-N(7) bond is fast on the NMR 

timescale for H2N (CH2) 3NH2 complexes but slower for those of Me2N(CH2) 3NH2- 

In the complexes with (1381, rotation is fast at room temperature but may be 

slowed by cooling C2991. 

(1381 (1391 
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X-ray diffraction studies generally give the only definitive verdict as 

to the involvement of O(6) interactions in metal coordination of the purine 

necleotides . In [Pt (9-methylguanineH) Cl,] _H20 diffraction methods show that 

platinum is bound only at N(7) with no interaction with 0 (61 , The structure of 

C9-methylguanineH1 2[PtC16] .H2O was also determined; this is a true salt with 

guanine protonated at N(7) E3003 . 

Reaction of cts - CPt (NH31 2Cl21 with uracil, HL, (1391 yields 

CGS- [Pt (NH3) 2LCl] However, when the 5-position is substituted with F or Cl, 

cts - CPt CNH+ zL$ is the main product. The S-bromo and 5-nitro compounds give 

mixtures. S-Nitrouracil coordinates through N(1) , as does uracil in 

c%s- CPt (NH31 2LCl1, but all the other complexes are N(3) bound [301]. An 

analogous complex, cts- [Pt (NH3)2LCIl (L = 1-methyluracil, N (31 bound) is also 

report&. Treatment with Ag+ may yield cts- C (NH31 2LPt (p- OH) PtL (NH31 21. 

The head-to-head dimer, (140) may be obtained by reaction (33). In (140) 

diffraction studies show that N (3) and 0 (4) are metal bound C3021. Reactions 

of c~s-CP~(NH~)~(OH~)~J 
2+ with uracil, thymine or cytosine in the presence of 

air generate a new series of platinum blues. Their structures are not yet well 

defined but the complexes inhibit two mitochondrial enzymes and DNA synthesis 

in rr. co22 C3031 

cts- [Pt (NH31 2(H201 21 2c c czs- IPt (NH31 2L21 > 

cts-heaa-to-heaa-E[Pt(NH3)2L}2]2+ 

WI) 

133) 

The reactions of {(en)Pd(II)] with uridine , cytidine and their 

5 ’ -monophosphates have been used as a model for the analogous interactions of 

the cts f - (NH31 2PtI moiety. The process is extremely complex with five 

different complexes identified using uridine and seven with cytidine . 

Stability constants indicate that Pt(II) binds nucleobases about thirty times 

more strongly than Pd(XI) [3O4J . 
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Two papers report the binding of cytidine to palladium(I1) peptide 

complexes _ NMR spectroscopic studies of the species formed from 

(gly-gly-OEt)Pd(II) , (gly-tyr)Pd(II) or (asp)Pd(II) indicate that two types of 

complex are formed in which the donor atom of the nucleoside is N(3) of the 

pyrimidine ring. The complexes differ only in their conforamatioo about the 

Pd-N(3) bond [305]. An X-ray diffraction study of [(gly-tyr)Pd(cytidine)] .6H20 

gives somewhat more definitive information. In (1411 there is a hydrogen bond 

from the tyrosine OH to the glycine carbonyl in the next molecule [306]. 

(1411 

An X-ray diffraction study of a second modification of the 

head-to-tail dimer , ~OI-l-methylthyminatO-~(3),0(4)) bis{cts-diammine 

platinum(II)l dinitrate 4.5 hydrate, is reported. Differentiation of the 

head-to-head and head-to-tail dimers is not easy by IR or NMR spectroscopy. 

However addition of Cl- cleaves Pt-0 but not Pt-N bonds yielding 

cts- CPt(NH3)2(1-MeTJ21 (I-MeT = 1 -mathylythyminato) and cts- [Pt (NH31 2Cl.$ 

from the head-to-head isomer and c~s-CP~CNH~)~(~-M~T)C~I from the head-to-tail 

compound C3071. 

Reaction of K2 CPtC141 with CHg (HTh) Cl,] .H20 WI’h = thiamine, 

(142)) yields CHgPt2Th,C161. Two possible structures, (143) and (1441, where N 

is N(1) of the thiamine may be proposed. Related complexes [CdPtThCl31 and 

CZnPtThC133 were also synthesised C3081 . Oxythiamine, in which the NH2 group 

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



70 

less strongly to both Pd(I1) and Pt (II) . The 1: 1 complex formed with [PtC14] 2- 

is easily isolable but that from CPdC143 2- is not so tractable C3091 _ 

(1421 

Cl F I 

I A 
N- Pt-Hg-Pt-N 

\c,' 
CL CI 

Cl431 (144) 

Interactions of cts - Cpt (NH31 2Clzl with small oligonucleotides have been 

studied as models for the binding of this chemotherapeutic agent to DNA. 

Reaction of the dinucleotide guauylyl(3’ - 5 ‘1 adenosine (GpA1 with cts-platin 

gives two 1: 1 products in which fPt (NH3j212+ binds to the N (7) sites of 

guanine and adenine . With lPtfNH3) ,Cll Cl four products may be isolated; the 

main component is a 1: 1 species in which CPt(NH3) 2l 2t binds to N (7) of guanine 

E3 103 . 

Conformational analysis of d (GpCpG) and cts- [ (NH31 2Pt Cd (GpCpG) 11 

has been performed by NMR spectrosopy at 500 MHz. Platination affects the 

sugar conformational equilibrium to favour the N-conformation, with an 

increase of anomeric effect. In the platinated complex the cytosine tams 

away, giving a bulge C3111. The products from the reactions of 

cts - [Pt (-NH31 2C’$ with d(CpCpGpG) , d (GpCpG) , d (CpGpCpG) , 

d(GpCpGpC1 and d (CpGpCpG) were characterised spectroscopically. Platinum 

always binds at N(7) of guanine, where possible to two guaninas. No 
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cts- (Pt (metronidazole)2ClZJ is prepared From K2EPtClJ and the ligand 

(149). On melting, the trans-isomer is formed and both were characterised by 

X-ray diffraction as being coordinated through the sp2 nitrogen atom. The 

cts -compound has been used as a radiosensitiser of hypoxic tumour cells 

towards X-irradiation C3161. In ct~-[Pt(HL)~C1~3 (HL = sulphadiazine, (1501) 

platinum is, as usual, coordinated to the softer basic atom, the nitrogen of 

the pyrimidine ring. In cts-KCPtLC121 additional coordination is thought to 

occur through oxygen. Both compounds are cytotoxic %n vttro to HeLa cells and 

cts- K [PtLCl$ showed anti- tumour activity against P388 leukaemia. These first 

reported platinum sulphadiazine complexes are less potent than cis-platin, but 

also less toxic C3173 . 

I 
OH 

(1491 (150) 

The reaction of [Pt (dien) Cl] Cl with salmon sperm DNA has been investigated. 

Binding at N(7) of guanine occurs at levels of fixation of < 0.1 Pt/DNA. Above 

this level coordination to N(7) of adenine is also important E3181 . 

1.5.4 CdlnpLeses wtth Croup V donor Ltgands 

1.5.4.1 Oatdentate amtne donor L-&gands 

The electronic structures of cts- and trans- [Pt(NH312C121 have been 

studied by the CND0/2 method [319] and their IR and Raman spectra were used to 

clarify structrural features C3201 . The cts-isomers of [Pt(NH3) 2x9 (X = Cl, 

Br, I or SCN) had lower stability towards y-irradiation than the 

truns-analogues, in accord with data previously reported for CPtCNH3) ,XYl . 
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as- CPt (NI-&YJ CC2 = oxalate or (NO2)21 have anomalously high stability 

[321] . 

Further studies of the oligomerisation reactions of 

cts- IPt (NH+ 2 (OHd 23 2+ between pH 4 and 5 have been published. The bis 

K- hydroxo dimer is the only detectable product under these conditions E3221 . 

The reaction of this species with adsnosyl cobalamin and alkyl cobalsmins has 

been studied. An adduct involving the “base-off” form of the organocobalamin 

is formed rapidly and reversibly, followed by rate determining ligand exchange 

between N(3) af a 5,6-dimethylbenzimidaxole ligand and H20 at platinum 13231 . 

The reactions between CCS- and truns- CPt(NH3) 2C12J and H2NCH2S03H 

(HL) have been studied in some &tail (reactions (34) and (35)) . However, on 

reaction with cts- and tram- m(NH3) 2(N02)2J either ammonia or NO2 is 

preferentially displaced, according to stereochemistry, in reactions (36) and 

(37) . In all cases the ligand is bonded through nitrogen [324, 3251 . 

cts - CPt CNH3) 2C121 f 2HL----+ cts- EPt (NH3) 2L21 + 
I 

[Pt (NH3) L2 (HW 3 

1 H2o2 

CPt (NH3) 2(OH) 2L21 

truns- lPt@IH3)2Cl2l + 2HL- trans- CPt (NH3) 2L2.1 

cts - CPt CNH3) 2 (N02) 2l t 2HL--+ czs- EPt (HW 2 (N02) 2l 

trams - CPt CNH$ 2 (NO21 23 t 2HL --+trans- U’t(NH3)2(NOZ)Ll + 

tr,z~s - CPt CNH3) 2L21 

(34) 

(35) 

(36) 

(37) 

Microcalorimetric measurements of enthalpies of thermal decomposition of 

cts- cPtL2X21 (L = NH3, amine or pyridine ; X = Cl, Br or I) have allowed the 

determination of the standard enthalpies of formation of these complexes. Bond 

dissociation eneergies sze sliitly less for pyridine complexes than for those 

of ammonia C3261 . 

The kinetics of substitution by /w - of [Pt (NH3)4] 2c, [pt (py)4] 2+ and 
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CPthl21 2+ have been studied spectrophotometrically. the kinetic trend is 

similar to that for the kinetic trans-effect [3271 . The interaction of 

CPt (NH31 & 
2c 

and Fe(N03) 3 on a silica gel surface during bimetallic catalyst 

preparation has been investigated [3283 . Reactions of 

trans- IPt (NH31 2 (ROHI Cl] [ClO,] with azobenzene and aminoazobenzene have 

been studied C3291 . 

The reaction of CPtLC131 - (L = PMe3, PEt3, PBu3, PPh3, P(OMe) 3 

or AsEt with a range of amines (am) to yield tram- [Pt (am>LC12] has been 

investigated from a kinetic standpoint. The lability of chloride is StTOll& 

dependent on the nature of the donor atom in L. The equilibrium constant for 

the reaction also depends on L, but the variation, which represents a 

truns -influence, is less than the trans-effect and does not follow the same 

sequence C3303 _ 

Oxidation of cts- or *rang- EPt(RNH212C121 by CAuC141 - in the presence of 

CEt4NlC1 has been investigated kinetically and reaction mechanisms proposed 

13311 . 

muus-complexes [ML2Cl21 04 - Pd or Pt; L = (151a) OT ClSlb)) have been 

prepared and characterised by IR spectroscopy, conductivity measurements and 

DTA. Both ligands act as monodentate N-donors and the platinum complex is more 

stable than the palladium analogue [3321 . Further 1: 1 and 112 complexes of 

palladium with iminodiacetic acid are reported [3333 . 

The preparation of lPfLC121 .2H20 (L = hexamethylenetetramine) is 

(1SlaI 11 = 2 

(1Slb) II = 3 
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reported. Despite its apparent stoicheiometry , IR spectroscopic evidence 

strongly implies that the platinum is interacting directly with a single 

nitrogen atom of the ligand 13341. 

Reaction of cts- CPtL2Cl21 CL = PEt3 or PMe2Ph1 with NaCNPh2l yields 

ct~ - [PtL2 (NPh2) Cl] , which was characterised by X-ray diffraction. 

Bis-substitution occurs with the sterically less demanding nucleophile, sodium 

pyrollidinate C3353 . 

Extraction of palladium(U) from 0.25 - 0.5 M sulphuric acid may be 

achieved using chloroform or toluene solutions of 4-octyl aniline, L. The 

organic phase contains [L2Pd(S04)], in which [S0412- acts as a bidentate 

ligand C3361 . 

as- and truns- CPtWH20H)2(N02)21 and trans- CPtWH20H)2(N02)Cll, 

in which both NH20H and NO2 are N-bonded, have been subjected to normal 

vibrational analysis 1337, 3381 . 

1.5.4.2 Untdentate heterocycLtc donor ttgands 

Luminesecence , electronic absorption and magnetic CD spectroscopic 

measurements on the cts- and tram -isomers of CPt (py) 2C121 allowed the 

conclusion that for the c&e-compound the LUMO is a metal d-orbital [3391. IR 

and Raman spectra were analysed to give metal-ligand bond strengths C3401 . DTA 

and IR measurements on the solid &e-isomer show that it is converted to the 

trans-complex at 115 =C. The eta to trons transformation of the dibromide 

occurs at 96 *C C3411. 

The photochemistry of trcms- CPtL1L2C121 , where L1 is a methylpyridine 

and L2 is (152) or (1531, has been investigated. The complexes undergo 

cts/trans isomerisation of L2 as the only important photoreaction C3421 . The 

kinetics of the reaction of CPdC14] 2* with pyridoxol, pyridoxal and 

pyridoxamine are complex. Coordination occurs through the pyridine nitrogen 

atom in [PdL2Cl$ for pyridoxal and pyridoxol, but under acidic conditions 

pyridoxamine forms a salt C3431 . 
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Ph 

(1521 (153) 

The complexes cts- Pt (NH31 2 (C5H4NOH) Cl1 [NO31 , (1541, 

and C&S - I3 (NH31 2 (C5H4NOHI 2I C12, (1551, of 2- hydroxypyridine have 

been characterised by X-ray crystallography. Only the pyridine nitrogen atom 

is metal bound in each case and in the bis-compound the two heterocycles are 

oriented in an antt rotational conformation. Treatment of (154) with chlorine 

yields mer- [Pt (NH31 2 (C5H4NO) Cl,] ; deprotonation of the ligand is 

promoted by the high Lewis acidity of platinumW1 13441 , 

2-Substituted 4,4,5,5-tetramethylimidazoline- 1-oxyl-3-oxides, (156)) 

have been converted to palladium and platinum complexes, [ML2C12J, with 

binding through the pyridine nitrogen atom. There is no interaction between 

the unpaired electron and the metal II3451 . 

N2 

(154) 



R = 2-py-ridyl, 3-pyridyl or 4-pyridyl 

The salts, CL.Hl 2 CPql I on heating in the solid state yield 

cts - CPtL2C121 . Among the heterocyclic ligands, L, investigated were 

2- aminopyridina , benzothizole and benzotriazole ; the presence in the ligand of 

an additional proton acceptor leads to an increase in the temperature of the 

Anderson rearrangement [3&l . 

As usual there are many reports of imidazole complexes. Reaction of PdX2 

with L in a 2:l ratio (r. = 2-methyl-, 2-ethyl-, 2-tea-propyl-, 4-methyl-. 

1 -methyl-, 1 -vinyl-, l-vinyl-2-methyl-, 4 -methyl- a 1,2-dimethyl- or 

2-ethyl-4 (5) -methyl-imidazole) gives CPdL2X21 (X - Cl or BrI . With an excess 

of the imidazole ligand the product is [PdL4]X2. The stereochemistry of the 

compounds prepared by this route is unfortunately not given E347, 3481. X-ray 
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diffraction studies of trans-Pd (1 -methylimidazole) 2Cl2J [349] and 

truns - CPd(2 -methylimidazole) 2C12] 13503 are reported. Complexes CPtL2X2 (L = 

metronidazole, (157) or 2-methyl-5-nitrobenzimidazole, (158) ; X = Cl or I) 

were deduced to have c&s-geometry on the basis of IR data C3511. 

i 
OH 

New pyrazolato derivatives of platinum (II) have been prepared (reaction 

(38)). Treatment of (1591, Z = (CH2)2 with HIBF4] gives the known species 

C(dppe)Pt(IL-p~-N,N’)~Pt(dppe)] GBF412. The complex of dimethylpyrazole For 

which Z = (CH214 reacts with cadmium iodide to yield (1601 C3521. Both methyl 

trifluoromethyl pyrazole, (1611, and 2H-indazole, (1621, react with 

EPt2 (p- Cl) 2 (PEt31 41 [BF41 2 to yield each a single isomer of 

cts _ CPt (PEt3) 2LCll CBF41 , in both solution and the solid state. X-ray 

diffraction studies confirm that (161) binds through N(2) and 062) through 

N(l), both in accord with theoretical predictions E353l . 

Treatment of [Pd (PhCN) 2C12] with 3-diethylamino-2,2-dimethyl-2-H-azirine 

(L, (163)) yields a complex of stoicheiometry trans- [PdL2Cl$ . With 

Pd(OCOCH3)2 and the N,r+dimethyl analogue, Q, [PdQ (OCOCH,),] is formed. 
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Ph2 --or /p\ /N-N, 
(T+/P*\N_-N/cdJ2 

Ph* --QJ- 

(1601 (161) (162) 

In neither case was the structure of the complex firmly established [354] 

Reaction of (164) with PdC$ gives a trans-polymer, (165) . Treatment with 

methanol opens the three-membered rings 

liberate the ligand from palladium 13551. 

to yield (1661 but it is not easy to 

F N 

NEt2 

(1631 (164) (165) 

(166) 

A range of complexes, [PthC$.l aad [PtL’ CL-J, where L and L’ are mono 

and bid8ntatc nitrogen donors respectively, were studied by XPES. The 

platinum 4f7,2 bind* energies showed 1, %disminonaphthalene to be the best 

donor. Interaction between cts- [Pt~C12] (L = theophylline, (167)) and calf 

thymus DNA r8SUlt8d in a loss of base stacking due to the N(7) -0 (6) binding of 
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guanine C3561. In 

acid, (168) , sulphur 

oxygen may occur as 

9 

both platinum and palladium complexes of thiobarbituric 

is not metal coordinated, but some interaction with 

well as the usual binding at nitrogen [3573 . 

(167) (1681 

1.5.4.3 Bhlentate and poLydentate anttne donor LLgands 

Polarised single crystal specular reflection spectroscopy studies of 

[M (en) Cl ] 2 (M = Pd or Pt) sre reported. There is a strong out-of-plane 

absorption which is shifted to a lower energy on going from solution to the 

solid state. Strong in-plane bands are associated with ligand to metal CT 

transitions C3583 . The structure of the anti-tumour agent, CPt(en> (malonate) 1 

has been established by X-ray diffraction. The malonate ligand adopts a boat 

conformation C3591 . 

Thermolysis of various [M (en>J [PtCl,] salts has been studied; the 

pathway followed depends on the metal, M (Scheme 6) C3603 . 

CM (en) 3l CPtCl43 
A 

) [Pt (en) 1 CM(en)Cl 2 I 4 

M =Ni, Znor Pd 
1 

A 

CPt (efd21 Cl2 + MC12 C en 

A 
ecu (en) 3l rRc141 - ECubn121 CPtCl,l + en 

I 
A 

CPt (en) I CCuCl 2 4 1 

A 

CAB (en> $ rPq1 _______;f [Pt (en) 2l C12. 2AgCl 

Scheme 6 Reactions of CM (en> ,.J WtC141 C3601 



The conformations of the chelate six-membered rings in 

CPt(NH3)2Ll 2+ (L = meso or a~-2,4-diaminopentane, 
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EPt (bipy) Ll 2t and 

1,3 -diaminobutane , 

2-methyl- 2,4- diaminopentane or 1,3 -diaminopropane) have been studied by NMR 

spectroscopy. For maso-2,4-diaminopentane a chair conformation with both 

methyl groups equatorial predominates, whereas for the dL-isomer one methyl is 

axial and the other equatorial in the major chair conformer. In the latter 

case the skew boat conformation is also sigificsntly populated [361] . In 

analogous complexes of 1R ,2S - (169) CD measurements imply that the 

five -membered chelate is mainly in the A-conformation [3621 . Complexes 

[PtL.(C03)] of 1, lo-phen and 1,2-diaminocyclohexane have been characterised 

[363] . 

u 
(169) 

In (1701, the alkene ligand is strongly activated towards nucleophilic 

attack and further reports of its reactivity have been published (Scheme 7) 

[364] . 

Several of the complexes (1711, prepared from the diamine, K2EPtC141 

an appropriate anion, showed powerful anti-leukaemic activity in mice 13651. 

and 

Platinam(II> attatched to aminated silica was studied by 13C NMR 

spectroscopy both in suspension and in the solid state. Peaks assignable to 

the bis chelate (172) were detected [3661 . 

I 
H*Si 

NH:! I 

‘Pt 
/* t 

NH2’ ‘X 

A P 

Cl711 Cl721 



2 NO; 

Scheme 7 Reactions of (170) with nucleophiles C3641 

Me2 

i 

N\ /CN 

N/PtlCI 
Me2 

Y 

When the oxime, (1731, a potentially tridentate ligand, reacts with 

[PdC143 2- the product formed is (1741, in which the oxime has been 

hydrolysed. The structure of (174) was established by X-ray diffraction C3671 . 
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Two X-ray diffraction studies refer to complexes of dien. [Pt (dien) Cl1 Cl 

is isostructural with the dibromide and [Pt (disn) (NO311 [NO,] is similar. 

Crystal packing in both cases is d8t8rmined by hydrogen bonding 13681 .In 

CPt(dien) (Cl41 12 CPt (CNI& .H20, both platinum atoms have approximately square 

planar coordination [369]. The rather well studied anation reaction (39) was 

interpret8d in terms of an associative mechanism c3703 . A study of the 

reactions of complexes of alkylated dien showed that kinetic behaviour was 

dependent on the size of the substituents, again indicating an associative 

pathway [371] . 

CPt (dien) (HZ01 I 2+ + Cl- - CPt (dim> Cl1 + + H20 (391 

It had previously been reported that the reaction of [Pt (dien) XIX with 

MHZ and CH31 resulted in methylation on the central nitrogen atom, tmns to 

coordinated X. A new study, involving the synthesis of 

H2NCH2CH2N (CH3) CH2CH2NH2, demonstrates that the original conclusion was 

wrong and that mathylation of dien occurs at the terminal nitrogen, as would 

be expected from theoretical cansiderations C3721 . 

Complexes of the type CPd(trenMe6) Xl Y CtrenMe6 = (Me2NCH2CH21 3N ; 

X = Y - Cl, BT, I or SCN; X - Cl, BT, I or SCN, Y - PF6 or BPh& have 

been prepared and characterised. In both protic and aprotic solvents, there is 

a rapid intramolecular rearrangement between four and five coordinated metal 

centres (reaction (40)). At low temperature the rate of interconversion is 

slowed and the equilibrium is shifted to the right. CPd (trenMe6) (NCS) I+ is 

isolated in the solid state but in solution is in equilibrium with its linkage 

isomer [3731 . Procedures for the synthesis of trenbAe6 complexes, as well as 

those of the tetradentate ligand Me2N (CH2) 2NMe (CH2) 2NMe (CH2) 2NMe2, 

have been &scribed in detail [374]. 

Reaction of (H2NCH2CH2) 2N (CH2) 6N(CH2CH2NH2) 2, L, with 

three molar equivalents of ~CPtC141 yields CPt2LC121 CPtC141 , which 

on reaction with [PtCNH3141 CPtCl,l gives [Pt2LC121 C12, (175) [3751 . 
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W Me2N-ffl- 

I 

NMe2 

Cl 

(40) 

Complexes rPtLx,l CL = 1,2- bis (3,5-dioxopiperaxin- 1 - yl) ethane or 

1,2-bis(3,5-dioxopiperaxin- 1 -yl)propane; X = Cl or Br) have been tested for 

their anti-tumour activity C3761 . 

Polyhedral borane ions have been used to stabilise palladium and 

platinum complexes [ML21 CB,X,l (L = bipy or phen; n = 10 or 12; X = H, Cl or 

Br) against thermal decomposition [377] . 

Further complexes of the potentially tetradentate ligands 076i) - 

(176o) have been investigated. [Pd (bpenMe) Cl] is synthesised from K2 [PdCl,] 

and (176b). NMR spectroscopic studies and X-ray diffraction established that 

both the pyridine nitrogens and the deprotonated NH are metal coordinated, but 

the tertiary nitrogen is not 13781. In the analogous complex of bpenMe2 only 

the pyridine nitrogen atoms are bound, in a trans arrangement with an eleven 

membered chelate ring [379] . 

(176) 



CPt2 (11- Cl> 2 f (2 -amino-4, L-dimethyl) pyridine] 21 

an excellent catalyst for homogeneous hydrogenation 

carbon-carbon double bonds c38Ol . 
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has been prepared and is 

and hydrosilylation of 

The detection of trace levels of palladium(H) relies on the extraction 

of the purple red tridentate Pd(II1 complex of biethanoyl monooxime 2-pyridyl 

hydrazone complex from aqueous acid into CHC13 13811. In [Pt(HL.)C121 {HL 

= PhCCNHRI -NNH21 the h ‘gan is coordinated through the NH2 and NHR d 

groups. cts- and trans - lPt.L$ may be prepared by the reaction of [NH41 2[PtC14J 

with HL; the mode of coordination of L is the same as for HL but the NH2 group 

is deprotonated C3821 . Complexes of the ligands (l), (178) and (1791, 

[MLCl,] (M = Pd or Pt) have been prepared and characterised. The ligating 

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

(177) (178) Cl791 

The bis(benzimidazole) &and, (1801, has been used to bridge two metal 

centres in a wide range of complexes. For example, C{(dppmIAu32GC- (180)]1 

reacts with CBU~NI~CP~(~-X)~A~~I to give [C(dppm)Au] ,b- (18O)IPdAr,I and (181) 

and (182) were also characterised [384] . 

r QQq=Jg*- = 
2- 
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(182) 

The extremely ornate ligands, (1831, where L = pyrazolyl, have 

been prepared and their complexation with palladium and platinum 

investigated. In complexes such as m3P3 (Me,pz)6 (MC’2)2] (M = Pd or Pt) 

and gem- CN3P3 (MeZpz) zPh4 (PdCl$] , bidentate coordination occurs through two 

pyrazolyl groups atkatched to the same phosphorus atom 13851 , 

(183) 

The bimetallic compound, Cl841 , was obtained from 

trans - CF’tC12~ppz~ (C2H4) 3 - , generated tn ettu by deprotonation of the ppazolyl 

adduct of Zeise ’ s salt C3861. 

f\l 

\ 

N---N 
II, 

N/ 

I 
Cl-f-3 

\ P9 

N-N 

< c’ 
9 

I 

(184) (185) 
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(185) is said to coordinate to palladium through the imino and pyridyl 

nitrogen atoms; the authors seem to be in some doubt as to the geometry of the 

resulting five-coordinate [PdLC121 complex [3871 . 

1,4,7 - triazacyclononane , L, teacts with CPtC141L- to give, after 

treatment with bromide ions, CPtL2]Br2 in which L was shown to be bidentate by 

an X-ray diffraction study. The acid-base behaviour of this and analogous 

complexes was investigated, and they may be readily oxidised to Pt (IV) species 

C3SSl. 

Tetradentate tetraaza macrocycles, both synthetic and naturally 

occurring, have received much additional attention this year. XPES 

gives data on bonding energies of deep electrons in [I..Pd] 2+ complexes 

of this trpe. These may be related to the degree of &nor acceptor 

electron transfer from nitrogen to palladium C389,3901 . 

Tetrabenzo - 1,5,9,13 -tetraazacyclohexadeca- 1,5,9,13-tetraene, CUEI, has been 

converted to [(lS)Pd] [C10,12 and the stability constant of its adducts with 

pyridiie , 3 - methylpyridine , dmf and ethanol determined C391] . The complex 

reacts with nucleophiles to give (188) (R = NH2, OH or NEt2) C3921. Complexes 

of (187) seem to be somewhat flatter than those of (186) C3931 . 

(lWQR-H 

(187) R - Me 

(188) 
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Complexes of (189) (R = H or Me) and (1901, [PdLl CC1041 2, were 

prepared from the ligand and Na2[PdC143 0IaCC1041 C3941. Both palladium (II) 

and platinum(W) complexes of (190) are reported by Chinese workers [3951 . 

R 

T-k R 

N HN 

( 1 NH N 

R 
+ 

R 

Cl891 

Studies of palladium and platinum porphyrin complexes have mainly 

involved their photochemistry and photophysics. The low temperature 

fluorescence of palladium porphine derivatives was studied during selective 

laser excitation [396] _ Picosecond laser spectroscopy was used in a study of 

palladium(I1) octaethylporphyrin, time-resolved excited spectra being recorded 

from the time of photoexcitation for 5 ns . The initial excited state, Sl , 

decays in (15 ps, but a second excited state, Tl, survives for >50 ns 13971. 

When a metalloporphine is excited to its lowest 3Eu state iu a crystalline 

environment of low symmetry, the orbital degeneracy is removed, as evidenced 

by phosphorescence Zeeman and EPR experiments on a platinum porphyrin complex 

in the A-site of decane [398] . Iterative extended Huckel calculations have led 

to a better understanding of spectroscopic data for palladium(I1) octaethyl- 

and tetraphenyl-porphyrins and Pd(I1) and A(H) etioporphyrins [399] . 

The photophysics of water soluble diamagnetic metalloporphyrins 

containing Zn 01) , Pd(XI) or Sn(IV) were studied in dilute aqueous solution. 

AU undergo efficient intersystem crossing to give long lived triplet excited 

states that can participate in electron-transfer reactions. Thus, with an 
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appropriate acceptor metal, porphyrin radical cations are formed in high 

yield. Although powerful oxidants they may not be used for photooxidation of 

water, since they undergo secondary reactions to w-dications and isoporphyrins 

[4003 . 

Redox reactions of tetra(4-hydroxy-3,5-di-~ert-butylphsnyl)porphyrin 

metal complexes in the presence of K3[Pe(CN)61 have been investigated. 

Quinoid, mono and biradical complexes are successively formed, but at least in 

the case of the palladium complex, there is little conjngation between the 

radical and the porphyrin C4011 . Unlike zinc, cadmium and magnesium analogues, 

palladium tetraphenylporphyrins do not give adducts with CO21 - from K1021 

C4021. Palladium tetraphenylporphyrin trisulphonate has been demonstrated to 

be an effective photosensitiser for the photoreduction of viologen dyes [403] _ 

The preparation of palladium haematoporphyrins has been achieved in good 

yield from N-methylhaematoporphyrin in dmso. The reaction pT0Ceads uta 

formation of the metal Iv-methyl complexes, followed by rate-determining 

demethylation [404] . 

The palladium(U) complex, (1911, of tetra-2,3-pyridine porphyrazine has 

been prepared and its acid dissociation constants measured 

spectrophotomstrically 14051. The kinetics of oxidative decomposition of this 

complex and its analogues with other metals, were measured in the presence of 

H2o2 - Not only is the palladium complex the most stable of the series (rates 

fall in the order ICuLl > H2L > [COW >) [NiLI > CPdLl) but complexes of this 

ligand are up to a hundred-fold more stable than those of the phthalocyanines 

14063. 

The formation of stable associations 

pheophytin complexes was studied in aqueous 

between molecules of metal 

binary solutions of dioxan, thf, 

morpholine and ethanol. The ability of the metal atoms to participate in long 

range interactions is in the order Zn > Mg > Cd > Cu > Pd [407l. 

The basicity of copper, nickel and palladium complexes of 

tetra(ter+- butyl) tetraazaporphine, t&ra(6-tert-butyl) -2,3-naphthalocyanine 
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and tetra(4-ter+-butyl)phthalocyanine has been studied by electronic 

spectroscopy. Basicity is determined by the extent of the delocalisation of 

the n-system and the acceptor capacity of ths metal [408] _ 

(1911 

The spitaxial growth of molecular crystals of platinum phthalocyanines 

is noted [409] . 

1.5.4.4 EmZne donor Ltgands 

The reaction of bis (tsonitrosomethylacetoacetato) palladium (II) , (1921, 

with amines has been investigated (reaction (41)) and the product complexes 

characterised 14101 _ 

Thermal decomposition of the oddly 

(LH2 = IV, N’ - dimethyldithiooximide) yields 

[Pd(LH2)C12J gives C(PdL)J E4111. 

formulated species CPd (LH2) 2121 _ 1. SHI 

[Pd (LH2> I21 , LH2 and HI, whereas 

The complexes CPdL41 Cl2 and CPdL41 [NO,], . 3H20, where L is the 

Schiff base derived from terephthaldehyde and cycloserine, have been 

character&d C4 121. 
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COOMe COOMe 

R 0 

4 RNH2 

\ 

(41) 

1.5.4.5 Elttro cwnptesss 

%t NMR spectroscopic studies of [15N021 _ labelled complexes are 

Teport8d. The lg5Pt signal in N~CPt(‘5N02~41 is a quintet, whereas 

CPt(15N02]3(OH2)l - and [Pt(“NO > (OH)12- 23 
give doublets of triplets. The 

effect of the tnne -1igand on +Pt-N 

IN021 - < COHI - < H20 < CC20412- 14131. 

is in the order 

Thenaolysis of CLHI ,CPt (NO21 4I according to reaction (42) (LH - 

beneimidazole , 1,2-dimethylbenzimidazole or 5,6dimethylbenzimidasole) occurs 

at a lower temperature thsn for the corresponding IPtBr41 2- or CPtC1412- 

salts. as- LH] ,CPt(N02) 2X2J CX - Cl or Br) gives c&s- WtL2X21 , since the more 

basic ligand is lost more easily C4141. 

A 
CLHI 2 CPt cN021 41~ cts- IPtL2 (NOZ) 2l (42) 

buns-Na CPd(NOZ) (NH31 Cl21 acts as a stoichaiometric oxidant for ethene, 

yielding ethanal. lN021 - is converted to [NO J + and the reaction proceeds more 
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rapidly if HCl is present to protonate the nitro group [415] . 

1.5.4.6 NttrtLe ligands 

tis- ad trans- [Pt (PhCN) 2C12] were prepared from PtCIZ and were 

characterised by IR and Raman spectroscopy and X-ray diffraction [416] . 

cts- [Ru (bipy) (CN) $ reacts with K [Pt (C2H4) Cl,] to give 1: 1 and 1: 2 

adducts such as (193). In the adducts, there are blue shifts in both the 

absorption and emission spectra, with an enhancement of emission intensity and 

an increase in lifetime 14171 _ 

(193) 

1.5.4.7 Dtaztne, trtaztne and tetrazadtene Ltgands 

The reaction of K21PtC14J with (1941, HL, gives two isomers of CPtL$ , 

depending on the conditions. The compound formed under basic conditions is 

simply trons- CptL$ , Cl951 . Under acidic conditions cts- CAL21 is formed; the 

strncture was shown to be dimeric by X-ray diffraction. Both isomers readily 

add Cl2 to give a Pt(lV) complex 14181. The analogous reaction with K,EPdC14] 

gives a chloro-bridged dimer, (196). Am’n 1 es cause bridge splitting to give 

(197) and an analogous species is formed with one mole of PPh3_ With an excess 

of phosphine this is in equilibrium with (198)) the nature of R affecting the 

stability of the complex [4 191. 
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9 4’ 
R 

R’NH2 
> 

I 
Ar 

Ar 

(196) (197) 

Ar 

R 

(19% I HLOH, forms complexes CPd[LOH121 with Na2CPdC141 . When 

the benzene solutions of the complexes are oxidised with Kg [Fe (CN)J , an EPR 

signal is observed, and the starting material is regenerated by dithionite. 

CM (LOHI 21 reacts with [M (LO ‘) 2l to give CM (L0I-I) (LO ‘11, isolable as dark 

green crystals [420] . 

The term “coliiand isomers” has been proposed to describe the pair of 

compounds in which one is formed by the reaction of the ligands in the central 
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atom coordination sphere of the other. [(Ph3P) 2Pt (N$ (4-CN- C6H41] is thus 

converted to the coligand isomer, the tetraazolate complex [4211 . 

HO 

(199) 

1.5.4.8 Btdentate nttrogen phosphorus donor LCgunds 

Complexes of the chiral ligand S- (#nr), [PtLCl$ and IPdLC12], have been 

prepared 14221 . 

P A 
NMe PPh2 

C200) 

Ph2PCH2SiMe2N(Li) SiMe2CH2PPh2 reacts with CPd (PhCN) 2C121 

or K [Pt(C2H4) Cl31 to give fMC1 IEJ(SiMe,CH,PPh,I$l in which the 

ligand is tridentate. The structure of the palladium complex was 

by X-ray diffraction; the phosphine groups are trans and there is 

of the ligand backbone [423] . 

1.5.4.9 Btdentate nttrogen arsentc donor t$gands 

established 

no puckering 

The ligands ml), AsN2, and (2021, AsN3, form bidentate complexes 

CpdLX2]. X-ray diffraction shows pseudo square-planar coordination with no 

interaction with the other nitrogen atom(s) 14241, 
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1.5.4.10 Btmntate nttmgen carbon donor Ltgcmds 

Reaction of PdCl2 with (203) , HL, gives trane- CPd(HL12C121 in which HL 

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

cyclopalladation to 0041 occurs C4253 . 

R = H, Me or Cl 

X = NH, CH2, 0 or S 

R 

R 

d 
X 

J’ 

’ . 2 

b 

2 

(2041 

The cyclopalladatsd dimer, (205)) inserts styrene to give (206) [426] . 
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Similar insertions of CF3CeCCF3 are also reported [427] . 

cm) (206) 

Treatment of [Pd(PhCH2NH2)2121 with two molar equivalents of AdBF43 

followed by KX yields 0, which is readily converted to C2081 in the 

presence of CO. The structure of (208) (X = I) was established by X-ray 

diffraction. Metallation is proposed to involve electrophilic attack of the 

metal on the aryl ring C4281. 

PhCHp 
co /M~oH 

-+ 

Reaction of N - (2 - thienyl) pyrazole (H-2-tpz) or the 3-thienyl isomer 

(H-3-tpz) with PdC12 in a 2: 1 molar ratio gives truns- CPdL2C121 . However, in a 

1: 1 molar ratio, two isomers of [ (Pd(3 -tpz) Cl} ,,I are formed, the major and 

minor species being identified as @0!9) and C210) by NMR spectroscopy c4291 . 
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Tripyrazolylmethsne, tpzm, reacts with LMe2Pt (cod11 in refluxing benzene 

to yield a species of stoicheiometry CMe2Pt(tpzm)l. In the presence of donor 

ligands methane is lost with metallation of the ring to give complexes such as 

(2111, (212) and 013). The structures of (211) and C212) were established 

X-ray diffraction; there is no weak axial interaction with the other nitrogen 

atom (s) (4301 . 

by 

(211) (212) (213) 

Phenylazophenyl (1, 1,1,5,5,5-hexafluoropentane-2,4-dionato)palladium(II) 

hexafluoroaoetoacetate may be grown in solution in either a red or a yellow 

polymorphic form. Heating the yellow form gives the red polymorph with a 

sudden discontinuous crystal expansion. The packing patterns from X-ray 

diffraction show that the interconversion is a slip mechanism similar to a 

martensitic transformation. The colour change and expansion are not 

synchronous, the colour change being due to rotation of the exocyclic phenyl 

group into the plane of the phenylazo group [431,432] . 

Reaction of benzalazines , ASH-N-N-CHAr with PdC12 gives a 

cyclometallated polymer, (2141, some reactions of which are shown in Scheme 8 

c4331 . 

Two papers detail cyclometallations of methyl groups. Treatment of (215) 

with [Pd(RCN)2C121 yields (216) , in a reaction which is accelerated by base. 

Witb the analogous compound in which the nitrogen atom bears one methyl and 

one phenyl group, cyclometallation is disfavoured and CPdLy2C121 may be 

isolated. Treatment with base then gives c217) in a slow reaction. It is 
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noteworthy that the usual mode of hydrazone coordination is through N-l rather 

than N-2, N-2 binding being induced in (216) only by steric hindrance [4341 . 

Treatment of (218) with Pd(OCOCH312 yields (2191 and its stereoisomer. LiCl 

yields a chloro bridged dimer of the familiar type, with donor ligands then 

able to cause bridge splitting [4353 _ 
R 

(214) 

TlCp 

L 

R 

-i 

0 JPPh3 

N 
/ \C, 

PPh3 

A 

Scheme 8 Reactions of the cyclometallated polymer, (214) [433]. 
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(218) 

Further studies 

NMePh 
t 

cm 

of the adduct C221) formed from (2201 and 

[He(c)-met.hylphsnylNYN~ Cfl (Y - CH or N; R = Ma, Et or CH(CH312) are 

teported. The structure proposed involves a platinum-to -mercury donor bond and 

further electron transfer is inhibited by the tridentate Zigand 14361. 

pc2 > &NMe2)y 

R 

Br -Hg- 
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Ph2C=P 

(223) (2241 

The unusual ligand (224) reacts with CPt2(PEt3)2C141 to 

of cts- and trcms- CPt I(2303 (PEt31 Cl21 . NMR spectroscopic 

give a mixture 

studies allowed 

stereochemical assignment, and the structure of the c&s-isomer was determined 

by X-ray diffraction. cts - CPt E (22411 2C121 is produced on reaction of the 

ligand with CPt (cod) Cl,1 . In all cases (224) is coordinated to platinum 

through the sp2 phosphorus atom C4451 . Further reactions of Pd(I1) and Pt(LI) 

halides with ECCH3) 3C1 3E (E = P or As) including cyclometallation, 

carbonylation and cluster formation are reported [446]. 

Soviet workers have beun particularly interested in the electrochemistry 

of palladium (II) phosphine complexes. Both oxidation and reduction of CPdL2X21 

(L - PPh3 or P(OPh) 3 ; X = Cl or CSCNj1 occur irreversibly on a platinum 

microelectrode in dmf. Substitution of PPh9 by P(OPbJ3 leads to difficulty in 

the electroreduction of the PdL(Iv) complex formed, but facilitates the 

reduction of Pd(I1) to Pd(O1 C447,4483 . In oxygenated solutions of EpdL2X21 (L 

= PPh3, P(OFW3 or P(OCHICH3}21g; X = Cl or [SCNI) palladium(II) is reduced 

to palladium CO) , which reacts with O2 in a solution layer next to the 

electrode [449,4501. Cyclic voltammograms of solutions of CHPtcPEt3) 31+ in 

phosphate buffer at mercury electrodes show large reduction waves on all 

forward and reverse scans except for the first negative scan, which is 

interpreted in terms of catalytic hydrogen production 14511 , 

Photolysis of cPdL2(02) 1 (L - PPh3 or PPh2Ms) in the presence of 

an excess of ligand and an alkyl halide, RX, gives phosphine oxide and 

tram - CPdL2X21 . By contrast, using sn aryl halide and L = PW3, IPh4PlX 

is isolated. The photochemical interconversion of the cts- and trum -isomers 
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of the complex is discussed in relation to their luminescence spectra [4521 . 

Platinum (0) complexes, CPtLJ (L = PEt3, n = 3 OX L = PICH(CH3)2)3, n = 

2 or 3) are very powerful nucleophiles and react with water to yield 

[PtLnrH(OH)] which, from conductance measurements, exists as au ion pair and is 

a strong base. The system [PtLn]/H20 serves as a catalyst for the hydration of 

acrylonitrile and for H/D exchange Q to carbonyl, sulphonyl or nitro groups 

c4533 . 

The complexes [HML(PCy3123 and tz-ORS- [HPt(02CR) (PCy3)2_1 (M - Ni 

or Pd; HL = succinimide; R - C (CHJ-CH, or CH,CH==CH,) were prepared 

by oxidative addition of HL 

A series of reactions of 

shown in Scheme 9 [4551. 

.5 L 4 L 

or RCOOH to the C(Cy3P) 2M K01 complex 

platinum complexes of PCy3 was established 

c4541 . 

and is 

cold 
trons- cH,pt (PCy31 .-J + co /7 CPtK0)2(PCY$21 

/ 
25 oc 1 12 

\i 

CPt CR, (CO) 3 CPCY,> 31 (PCY3) 2121 

Scheme 9 Reactions of platinum complexes of tricyclohexyl phosphine E4551 

cts- CHPt CPPh3) 2 (CH2CF3)l is prepared by successive treatment of 

cts- [Pt (PPh,> 2(CH2CF31 11 with Ag’ and NaCBH41. CH3CF3 is produced slowly 

just above room temperature, the kinetic data being consistent with a 

concerted unimolecular reductive elimination 14561 . 

The replacement of Cl- in [Pt (PR3) (en> Cl]+ (R = Me, Et, Bu or OMe) 

by nucleophites has been investigated. The second order rate constant is 

related to the nucleophilicity of the attacking species, and the rates are 

also sensitive to steric hindrance from the c&s-ligand C4571. Intermolecular 

exchange of ligands in tram- CM (C6C15) (PMe2Ph12Xl (M - Ni, Pt or Pd; 

x - Cl, Br or I) has been studied. When chloride and iodide are exchanged 
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between nickel and palladium the equilibrium is strongly in favour of Ni-Cl 

and Pd-I bond formation, as would be expected on thermodynamic groun& C4581. 

cts- [Pt (PPh3) 2ClJ /SnC12 is an extremely active catalyst for alkene 

hydroformylation . It reacts with CO and propene in ethanol to yield 

truns- [Pt (COR) (PPh3) 2Cll , whilst from the reaction mixture 

[Pt (COPr) (PPh,> 2 (SnC13) 3 is isolated. The structures of both complexes were 

established by X-ray diffraction [4591 . cts- CR (PPh3) 2C121 , 

cts- pt(CO) ml,) Cl$l and trans- [HPt (PPh312xJ (X - Cl, Br or I) were 

prepared and studied by IR and NMR spectroscopy and DTA. The structures were 

related to the catalytic activity of the complexes in oxidative chlorination 

of pentane C4403. 

c~~so- Borate anions have been further exploited in stabilisation 

of unusual coordination compounds. CLOSO- [Pd, (PPh3) 4C12j [B&J and 
I 

are catalysts for the 

reported. X-ray 

CPd(PPh3) 3Cll 2cBnXnl <n = 10 or 12; X = Cl or Br) 

oxidation of Ph3P to Ph3PO and ethanol to ethanal [4611 . 

Several new bimetallic phosphine complexes are 

diffraction shows that in (225) coordination about gold is distorted linear 

and that about platinum roughly square planar with no metal rr-interactions 

c4621. Oxidative addition of CR2Hgl to CPt(PPh3) 31 gives C(Ph,P) ,Pt CR1 (HgRIl , 

CiSl (R = chlorinated phenyl) . (226) reacts with tfaH to give 

C Wti3P) 2Pt (RI (OCOC~+l and may be thermolysed to yield C(Ph3P) 2PtR21 

and mercury metal [463] . Reaction of CHPt (PPh3) 2Cll with Na [MO (CO) 3 (cp)] 

gives m, the structure of which was established by X-ray diffraction 

14641 . 

Ph3P 

(2251 t22n 
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Reduction of [ (Ph3P)Pd (OCOCH3) 21 with molecular hydrogen proceeds uta 

reactions (45) - (49) 14653 . 

[(Ph,P)Pd(OCOCH3)2] t HZ’ CPh3P-Pd-Pd-PPh31 

(ms) 

[Ph3P-Pd-Pd-PPh3] t H2 __j C (Ph3P) 2Pd2H21 

+ 2CH3COOH (45) 

(46) 

ph3P-Pd-Pd-PPh3] + 2(228) -----+ 2 Ph3P-P< 
\ 
Pd-PPh3 t 2H’ (47) 

0 0’ \ / 
C 

dH3 

[(Ph3P)2pd2H2] t (228) ---+ (229) + CPh3PPd-Pd-PPh31 f 2CH3CCOH (48) 

01 + [ (Ph3P) 2Pd2H.$ ---T 2[Ph3P-Pd-Pd-PPh3] t 2CH3COOH (49) 

1.5.4.12 Other untdentate phosphorus &nor Ltgands 

K2CPtC14J reacts with EtOP(NEt2)2, L, to give CPtL41 CPtC141 which, on 

treatment with HCI yields ERL2C121 ; coordination is through phosphorus. An 

unidentified crystalline material is obtained with Et2NP(OEt)2; this is 

hydrolysed by aqueous HCI to give CPt CP (OH) 2NEt23 2 CP(OH) 0 (NEt2) 211 C4663 . 

Wken the ally1 palladium chloride dimer reacts with (RO) 2P(H) -0, LH, 

rPd2(LH) 2L2(p-Cl) 2J is obtained (R = Me, Et, Ph, CH(CH3)2 or 

CH2CH(CH3)$ . The structure of (230) was determined by X-ray diffraction 

[467] , 

(2301 
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1.5.4.13 Btdentate phosphorus donor Ztgands 

C (dppe) PtC121 has been prepared and its structure 

determined to be distorted square planar by X-ray 

diffraction 14681. The preparation of nickel, palladium and 

platinum dichloro complexes of R- 1,2-bis (diphenylphospino) propane, 

2S, 3s - 2,3-bis (diphenylphosphino) butane and 

R- 1,2-bis (diphenylphosphino) - 1 -phenylethane has been reported. Their 

CD, IR and ‘H and 31 P nmr spectra were recorded and compared 14691. 

Bidentate chelate complexes of Cy2P (CH,) 3PHPh and Ph2P(CH2) 3PHPh, 

(PPH), EMLC121 (M - Pd or Pt> have been prepared. Treatment of 

CM (PPH) Cl21 with 

phosphido bridged, 

coordination C4703 . 

base and CM (PPH121 Cl2 yields [(MC1 (r-PP>321 , which is 

the acidity of the P-H group being enhanced by 

Several papers have reported strategies for the 

resolution and the determination of the optical purity of 

chiral phosphines . In complexes such as (231) , where PXP is 

dppe, S,S-CHIRAPHOS, S-N,N-biS(diphenylphosphino) - 1 -phenylethylamine 

or (+I-DIOP and P* is a chiral monodentate phosphine, differing 

degrees of stereoselective binding are noted and partial resolution of 

the monophosphines is achieved [471]. Analogous behaviour is noted for 

monodentate chiral amines, and diastereomer ratios, measured by 31P 

NMR spectroscopy, are highest for complexes of S,S-CHIRAPHOS . The 

structure of CMePt(DIOP)Cll was determined by X-tay diffraction; the 

seven membered chelate adopts a twist chair conformation [472] . X-ray 

diffraction and NMR spectroscopic studies of (233)) where X is a 

4-substituted pyridine 01: R3P, have established the steric and 

electronic effects of the ligand on structure. The cationic pyridine 

complexes show a correlation between +o and 31 P chemical shifts and 

coupling constants 14731 . 
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i 1 /p\ /p’; 
x\/yMe [C'O41 

L -I 

(231) 

Reaction of the cyclopalladated 

biphosphines yields (234) . Diastereomers are 

and 31 P NMR can detect 3 X of a minor 

sensitive test of optical purity [474] . 

(2331 

Reaction of K2[PtC14] with dppm in the presence of KOH yields 

CR (Ph2PCHPPh2J J , the first homoleptic complex in which the ligand is 

chelating. X-ray diffraction demonstrated that coordination about platinum was 

(2321 

species (233) with chelating 

obtained with chiral phosphines 

diastereomer , providing an extremely 

H 

(234) 

square planar. Reaction with H+ gives the known CPt (dppmj23 2’ C475l ” 

Deprotonation of dppm is also achieved on treatment of [Pt (dppm) 12 with 

LiN (SiMe3)2, and the anion may be readily alkylated [476) _ 

A mechanism has been proposed which accounts for all the known examples 

of “A-frame” inversion for complexes CPt2(p-dppmj2(k-Y) X21 nC (n - 0 or 1) . For 

Y - H, the reaction is believed to proceed uta a linear M-H-M arrangement. It 

was noted that all the known inversions occur in complexes with a bridging 
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hydride or in species which may be readily rearranged to a complex with a 

bridging hydride. Thus, although CPt2H2G-SMe) G-dppmI21 shows an “A-frame” 

inversion, sulphur inversion occurs at the same rate, implying the mechanism 

of Scheme 10 E4773 . 

- 

f-P / SMe fast 
c-- 

pvp p\/p 

slow 
11 

p/\P 

I I 
H-Pt-H-PPt-SMe 

t/I I\SMe 

GP 

Scheme 10 Mechanism of “A-frame” inversion C4773 

(235) is demethylated by trityl tetrafluoroborate to give (236). (236) 

reacts reversibly with MeCN to give the cts-species, (237) , and with CO to 

give a new “A-frame” complex, (238). (238) is formed very rapidly and 

equilibrates over about 5 min with the CO analogue of (2371 [478l . 



OP 
Me\ I 

Pt 
1 /Me 

Pt 

I I ‘co’ 

GP 
(2381 

(236) 

PAP 

I . ..Me 
I 

Me~-/~~~qt~-~~ 

.Me 

p‘\/P 

(237) 

Addition of carbon monoxide to [Me2Pd2 (P-XI (p-dppm) 2l X (X = Br or I) 

leads to the bis (ethanoyl) complex C IMeCO) 2Pd2 (P-X) (p- dppm) .$ X which may 

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

[Pd212G-dppm) 21 and acetic anhydride. Reactions of (239) were also studied; 

(240)) obtained on carbonylation, and [Pd2 (p- dppm) 2 (p- MeC-NMe) (CNMe) ,,I 3+, * 

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

Treatment of Cpt (dppm -p , PI C121 with RLC-L.i yields the face to face 
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isomer of EPt2 (C&-R)4 (b-dppm),$ . If the reaction is performed in the presence 

of dppm, or if dppm is added to the product, trans- CPt (C&-R)2(dppm-~~)21 is 

formed. This is a fluxional molecule and the uncoordinated phosphine may be 

readily oxidised or alkylated . In a related process, treatment of 

CFVdpPrn-~.~~ 2l Cl2 with [Hg(C&-RI21 gives the bimetallic compound 

C (RC1c) 2Pt &-dppm) 2HgCl.$ in excellent yield C4803 . 

o-Ph2PCB10H10CPPh2 and the closely related compound, 

o-Ph2PCB10H10CPCNMe2)2, act as cts chelating liiands towards palladium in 

[PdLC12] [481] . (241), on the other hand, is a tratas chelating ligand (R = Ph, 

3-MeC6H4, 4-MeOC6H4, 3-CF3C6H4, C6Hll or Me3C). NMR spectroscopy of 

palladium and platinum complexes of the tert-butyl substituted ligand show two 

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

temperature [482] . 

0 

0 Gz CHzR2 

0 0 CHZRX 

(241) 

Polymer supported complexes such as (242) and (243) have been 

investigated by 31P NMR spectroscopy in the solid state [483,484] . 

PPh2\ P 
PPh ‘Pt\,, 2 

(242) (2431 

The coordination chemistry of Ph2PCH2PPhCH2PPh2 has been investigated. 
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Reaction with CPd (PhCN1 2C123 gives @44), in contrast to the process with 

CRh2 KO)4C121 , which yields a trinuclsar bridged species C4853. X-ray 

diffraction studies of both (244) and (385) are reported. The six-membered 

ring in (245) has a skew boat conformation. Reaction of (244) with 

iRh2(CO)4C121 gives an adduct (2461 C4861 _ 

Ph 

I 
P 

f‘l 
p~rp\~.mZ 

/\ 
Cl Cl 

M 

Reaction of CMe$t (cod)] with R,P(CH,) 3PHPh gives both displacement of 

cod and cyclisation, to yield (247) [4873 . 

Square planar complexes of nickel(II> and palladiumUI1 with 14-membered 

macrocyclic tetradentate phosphine ligands had been synthesised by the one 

step template ring closure reaction (501, and details are now reported in a 
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full paper. Two isomers of (248) are formed and their structures were 

determined by X-ray diffraction. In the RSSR-form, palladium is a square 

planar diacation as shown, but the 

coordination with chlorine occupying the 

[F\J(HMeP(CH2)2PMeHlZlCI~ 

Resonance RanMl 

as a probe of the 

Pt-Pt vibration from 

spectra of EPt2 (pop1 4l 4- have been 

metal-metal interaction. Tkt8 change in 

118 cm-l (lAlg, (d~*)~) to 156 cm-l 
.a * * 

(*A2u, do pa 1 implies an increase by a factor of 1.8 in restoring force 

RSRS -diastereomer has square pyramidal 

fifth site 14883 . 

HO--fipQf+H 
(501 

studied 

the 

in 

the excited state relative to the ground state 14891 . Low temperature 

electronic absorption and emission spectra of single crystals show absorption 

systems in the 450 nm and 360 nm regions, attributable to transitions to the 

3A2u and ‘AZu excited states respectively E4901 . 

Reaction of (Et01 2POP(OEt) 2 with trons- [Pt2(PEt3) ,Cl,l yields 0491, the 

structure of which was established by X-ray diffraction. Rather romantically, 

the six-membered ring is described as possessing a chaise longue conformation. 

The same complex is obtained from HCl/H20/propanone hydrolysis of 

cts- CPt @‘Cl (OEt) 2 (PEt31 ClJ C4911. 

(OEQ 
P--Q PEt3 

/ -\ I 
c12PC,0J-Fit --cl 

(OEt+ 
PEt3 

The structure of (250) has been established by X-ray diffraction, being 
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the first determined of a complexed phosphinito or secondary phosphito ring. 

The Pt-P2 distance is short, as chlorine has a low trans-influence E4921 . 

1.5.4.14 Btdentate phosphorus amen&c donor 6gwds 

(251) and its stereoisomers have been prepared, and the RR/SS 

diastereomer resolved vta diastereoisomeric salts such as CZS2). Phosphine and 

nitrogen are trane, and there was no evidence for the presence of 

regioisomers . The RWSR diastereomer was resolved using (253) 14931 . 

+ 

(252) 

(253) 

2.5.4.15 Arsentc &nor Ltgan& 

The complexes [Pd {As (CH2W) 3) 2X2J (X = Cl, Br , I or 

NO21 , lPd2 (A&h31 2C141 and CPd (AsPh3) (py) Cl21 have been 
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prepared and characterised [4941. 

The syntheses of the bidentate ligands PhZAs(CH2)&sPh2 (n - 6- 12 and 

16) is described. These form square-planar complexes PdLX2 (X = Cl, Br, I or 

[SCNI; n - 6, 8, 10, 12 or 16) and PdLC12 (n - 7, 9 or 11) , which were 

character&d by IR, electronic, solid state reflectance and ‘H NMR 

spectroscopy. The *runs-isomer is the sole product when n > 9 and the major 

one for n < 9. The molecular weight of the complexes is a function of chain 

length, with polymeric complexes of short chain ligands, and monomeric ones 

with longer chain analogues [495,496] . 

1.5.5 CompLexes wtth Group Iv donor Ltgam 

Many of the complexes of Group IV 

“organometallic” and thus fall outside the scope of 

1.5.5.1 CamorayL compLcwces 

donor ligands are strictly 

this review. 

Molecular orbital calculations were performed on all the possible 

isomers of CPd2(CO) 2C141 2- and [Pd2(CO)2C141 . It was concluded that the choice 

of bridging groups was dependent on the relative energies of the bridging 

ligands and the HOMO for the Pa(I) complex, but the LUMO for the PdCII) 

compound C4971. Reaction of IPtCCO) 2Cl$ and [Pt,(CO) 2C14] in the melt gives a 

phase of composition Pt2(CO)2C14, but X-ray analysis demonstrated that this 

was a eutectic and not a tnw compound (4981. 

A scheme has been devised to describe the reduction of Fe(III) to Fe (II) 

by CO in the presence of Pd(11) (reactions (51) - (55)) c499) . 

Pd(II) + CO p- Pd(I1) (CO) (51) 

Pd(II) (CO) + H20 + CO - Pd(0) (CO) + 2H+ + CO2 (52) 

Pd(0) (CO) + Pd(I1) + CO ---+‘2Pd(I) (CO) (53) 

Pd(1) (CO) + 2Fe(III) + H20 4 Pd(I1) + CO2 + ZPe(II) + 2H+ (54) 
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Pd(I) (CO) + Fe (III) B Pd(II) (CO) + Fe(H) (55) 

A species of stoicheiometry [ (Ph3P) 2Ir (CO) 2PdC12] of unspecified 

stature is formed on reaction of C(Ph3P)2Ir(CO>,(COOMe~l with 

cts- [Pd G‘hCN) 2C12J CSOOI . 

1.5.5.2 Cyantde comphmes 

NH41 2 CPd (CN) 43 has been prepared from Pd(CN12 and [NH43 CCNI 

in non-aqneons solvents [Sol]. 

Further spectroscopic studies of the one-dimensional salt, Ba [Pt (CN) 43 , 

are reported this year. Luminescence and absorption studies were used to 

identify localised and delocalised electronic states C5021 . Two studies report 

data on Ba Ept(CN) 41 doped with [Ni (CN) 4] 2- . Luminescence and optical emission 

results were explained by assuming two types of cPt(CNJ41 2- species within a 

linear system of qua&-localised states [SO31 . Emission decay curves and time 

resolved emission spectra were interpreted somewhat differently, with a three 

level model inclnding radiationless passage from the lowest excited state of 

CPt(CN)41 2- to CNi (CN141 2- [SO41 . 

In Ln2 EPt (CN1413. uH20, the optical properties of the compound 

systematically on the intra-columnar Pt-Pt distance. Some modification of 

emitting states of the platinum occurs due to the Ln 3t cations and this 

explained by a mixing of the emitting A’ la state with a CT 

(Pt(Sd&-Ln(4f)) , the energy of which depends on the lanthanide [SOS] . 

depend 

the 

is 

state 

A study of the optical properties of CenHl2 CPt(CN141 crystals represents 

the first example of an investigation of a complex with an organic counter 

ion. A very large pressure induced red shift (360 cm-’ kbar-1) is noted and 

the emission is profonndly affected by the magnetic field, being shifted by 

220 cm-l and increased in intensity by a factor of ten between 0 and 5 Tesla. 

The role of the organic cation is restricted to its effect on the Pt-Pt 

distance CSO6l . 
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Raman scattering from [Pt (CN) 4: 2- adsorbed on platinum colloids has been 

compared with that in free solution [SO71 . 

The ions CM (CN)41 2- WI = Pd or Pt) have been compared with other 

CM (CN) 41 n- species in terms of their rates of exchange of [CNJ -. The kinetics 

of exchange were studied by l3 C NMR spectroscopy and the rate expression shown 

to be of the form k2 [hi (04) [CNJ , with no cyanide independent term. The order 

of substitution rate, which is similar to the for ligand replacement in other 

square planar complexes, is Ni >> An > Pd > Pt. The anomalous reactivity of 

nickel is due to the stability of Wi(CN) ,I 3-, which resembles the 

intermediate or an Ia transition state CSOSI . 

Cyclic voltammetry of cyanide melts with platinum metals indicated that 

palladium was dissolved at potentials < 1.9 V and that M(I1) , M(1) and M (0) (M 

- Pd or Pt) could be produced in the melt [SO91 . 

1.5.5.3 LsonCtrtZe compzezes 

Further papers this year have discussed the reactions of coordinated 

isonitriles with nucleophiles . Prom nucleophilic attack of amines on 

isonitriles in square-planar palladium (II) species, amino carbene complexes 

are the main products (reaction (56)) uta a four centre transition state 

(254). A general mechanism is formulated for reactions with secondary 

anilines, in which a second mole of aniline is used to assist proton transfer 

in (255) [5101. 

NHAr ’ 

cts- [X2LPd (C&I- Ar)] + Ar’NH2 F cts- [X2LPd 
< 

1 

NAr 

(56) 

Both palladium and platinum complexes LML2X21 X = Cl I Br or I ; L = 

CNCH2S02C6H4-4-Me, CNCH2Ph or CNCHPh2) have been prepared and treated 

with a wide range of nncleophiles. As before, amines (including methyl 

glycinate) give diamino carbene complexes, and the anion of RCH2CN yields 
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(256) after proton transfer. Stronger nucleophiles cause displacement of the 

isonitrile. The dipolar nature of the isonitrile complexes is shown in their 

reactions (for example, (57)) with dipolarophiles such as PhNCO C5111 . 

/ 
NH CHpR 

(Ph3P+CIPt -C 

(254) (255) (2561 

1.5.5.4 fin donor LZgantZe 

Reaction of K2 CPtC143 with SnC12 in the presence of CMe4NlCI 

gives a variety of products, the ratios of which depend on 

reaction conditions _ These include [Me4NJ 2 [Pt CSnC13>2C121 , 

CMe4Nl 3 CPtCSnC13) ,I , CMe4Nl 6 CPt3 GnC131 *I and 

CMe4Nl 4 Et3 (SnC13) ,I . With high Cl:Pt ratios and su excess of SnC12, 

I3 CTnC13) ,I 5- is the main product, but at lower molar ratios clusters 

predominate ES123 . A closely related series of bromo compounds results from 

the reaction of K2 CPtBr41 with SnBr2 [5131_ Similar species seem to result 

from the treatment of PdC12 with SnCl2, thou& oxidation states are rather 

randomly assigned by the authors, and evidence for the structures of the 

complexes is lackins 15141 . Reaction of K2CPtC14] with SnC12/HF yields 
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X3 CPt(SnF3)51 .4H20, which is presumed to have a trigonal bipyramidal structure 

[515] . 

Much of the study of tin complexes of platinum has been motivated by the 

importance of SnCl2 as a cocatalyst with WtL2C121 and analogues in 

hydrogenation and hydroformylation processes. 31P , 119Sn and lg5Pt NMR 

spectroscopy has been used to identify the products of the reaction of SnCl2 

with platinum (II) phosphine complexes. These processes have been reviewed 

(Scheme 11) C5161. 

cts - or trans - CPt (PEt.$ 2C121 
SnC12 

) trone- CPt (SnC13) (PEt3) 2CU 

SnCl2 

trans - CPt (SnC13) 2 (PEt3) 21 

p\ ,c1\ ,c1 P 

/“\ P’, 

Sac12 1. /“:,, TnC13 

Cl Cl P Cl’ ‘Cl’ ’ P 

‘1 A /SnC13 
‘,, 

3 
sn/pt\c/pt \ P 

Scheme 11 Reactions of SnC12 with platinum (II) complexes [516] 

An entirely analogous process is reported for [PtL2C1$, where L is 

4-methylpyridine C5173. However, the reaction with C~S- CPt(AsR3)2C121 (R - Me 

or Et) is somewhat different, at least when carried out in propanone in the 

presence of [(Ph3P)2Nl+. The main product is CPt (SnC13) ,(AsR3)d - in which 

platinum adopts trigonal bipyramidal geometry with the amine Wands axial 

[SlS] . Spectroscopic data for these and related species are reported [519] . 

The reaction of trans- mPt(PR3) 2ClJ with SnCl2 has been investigated. 

The product is tram- CHPt (PR3)2(SnC13)] and the species with R = tert-butyl 

carbometallates to give (257) [520] . A study of solvent effects suggests that 

unsolvated SnX2 inserts into PI-X, bonds but solvated SnX2 gives substitution 

uta a per&coordinated intermediate Es211 . 
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Propanone solutions of cts- [Pt (PPh3) (CO) ClJ /SnC12 are active 

catalysts for alkene hydroformylation . The SpXit?3 

Cpt(PPh3) 2 (CO) Cl1 +, CPt (SnC13) ,I 
3- 

, trans- [Pt (CO) (SnC1,),C13 

and ultimately ~MJIS- Et (PPh3) (SnC13) 2Cl] - are formed in a complex series of 

rearrangements, and could be identified spectroscopically C5221 . However, in 

CHC13 as solvent, a single insertion of SnC12 occurs 15231 . Reaction of 

[R4N] 2Ept2(CO) 2C14] with SnC12 gives insertion of SnC12 between the platinum 

atoms in (258) [524] . [Pt(SnC13)2C12]2- is also formed by reaction of 

H2CPtC161 or PtC14 with SnC12 in (CH3)2CHOH [525] . 

Cl Cl 

\Sn/ 

Cl (CO&’ ’ 
2 

Pt (CO) Cl2 

The synthesis and characterisation of (2!J9) and its trans-isomer is 

reported C5261. 

(259) n = 2 or 3 
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f .5.5.5 Gennantum donor ttgands 

Reaction of [M(PPh3)nl &I - Pd, Pt or Ni; n - 3 or 41 with 

C(Ph3Ge)2M’l &I - Cd or Hs) yields C(Ph3P) 2M (M’ GePh3) (GsPh3)] 

by oxidative addition. The complexes are crystalline solids, which are readily 

oxidised in air C5273 . 

1.5.5.6 Lead donor Ltgands 

The complexes cts - C (Ph,P) 2Pt (R) (PbR2R’ 11 and *lane- C (Bu3P3 2Pt (PbR312] 

(R - aryl; R’ = R, Br OT I) have been prepared and characterised. In the NMR 

spectrum, second order coupling effects between ‘g5Pt and 207Pb have been 

observed for the first time CS28J . 

1.5.6 Eydrtds compLexes 

trans- CHPt(PPh3) 2Xl (X = Br, I, [NO31 or CC10411 is prepared 

by substitution of chlorine in tram- CHPt(PPh3) ,Cll . The perchlorate is 

readily converted to truns- CHPt (PI%,) 2L.l CClO,] on addition of L = C2H4, C3H6, 

CO, PPh3, SbPh3 or py [529] . 

Further studies of bridged hydride complexes are reported. Photolysis of 

CPt (PEt31 2(C204) 1 in a stream of hydrogen yields (2601, which is also obtained 

on addition of CH2Pt (PEt3) 23 to lHPt (solvent) (PEt3) J ‘. Using CD2PtL21 

deuterium is incorporated specifically into the bridging position. The 

solution chemistry of @iOj depends on the counter ion. With methanoate, 

C2H4 yields CptL2 (C2H4> I , but no reaction occurs with the analogous 

tetraphenylborate salt [530] . A general synthetic route to 0611 is described 

by another group, using EH2Pt fPR3) 23 , f ormed tn sttu from [Pt Ccod>$ , PR3 and 

HZ, and tram+- [Pt (PR’ $2 (Me2CO)Yl CBF41. The hydride (260) is more 

easily prepared from CHPt(PR31 ,Cll and NaCBH41. lH, 31P and lg5Pt 

NMR spectroscopic data confinned the bridging nature of two hydrides in all 

case.s and an X-ray diffraction study of C(Et3P) 2Pt (G-EI) 2Pt(PEt$ 2Yl CBPh41 

CY = H or Ph) shows that one platinum is four- and the other five-coordinate 
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c5311. -+ 
I 1 L\ Ai 
L/Pt\H/p/-H 

L 

(2601 L = Et3P (261) 

Analogous complexes of chelating biphosphines [Pt2H3 (L-L) 2l X (L-L = 

dppe, dppp, dppb, cts-Ph2PCH-CHPPh2 or Ph2PCH2CH2AsPh2; X = CBF41, I, 

CNO,] or [BPhq] ) were synthesised according to Scheme 12. Whilst NMR data 

imply fluxional behaviour , an X-ray crystallographic study shows bridging 

hydrides in (262) C5321 . Reaction of (262) with L’ (CO or RNC) yields 

CPt2HL’ (L- LI 2l ++ the IR spectrum of which is consistent with bridging CO or 

RNC. Again NMR spectroscopic data imply fluxionatity, but X-ray data from the 

complex in which L’ = CO and L-L = dppe shows that both the hydride and CO are 

bridging. Possible mechanisms for the reaction are shown in Scheme I3 [5333 . 

[Pt(pz)2(L-LI3 + 2HCBFJ 
MeOH 

i CPt (PzHI 2 (L-L) 1 CBF,J 2 

MeOH 
Tpt (L-L) C’$ + Ag [BFJ + “x” 

Scheme 12 Synthesis of platinum complexes of chelating biphosphines with 

bridging hydrides 15321 

L\ /H\Y -+ 
L/p’\H/pivL\ 

(2621 
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Scheme 13 Mechanism of reaction of bridging hydride complexes with CO [5331 

1.6 PALLADIUM (I) AND PLATINUM (1) 

An excellent preparation of [Pdz G- dppmj 2Cld from [Pd (PhCN) 2C121 or 

Ed2 (dba.) 31 is reported [534] _ New syntheses of [M1M2(p-dppm1g$ &I1 , 
h/i2 - Pd or Pt; X - Cl, Br, I or [SCNJ> are also described, and the 

regiochemistry of the insertion of CS2 and other small molecules to yield 

“A-frame” complexes investigated C5351. Reaction of CPtz(~-dppm)2C1,& with 

S&l2 yields CPt,&-dppm> 2 (SnC13) Cl1 and lPt2 b-dppm) 2 &Cl31 $ . In the 
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NMR spectrum of the latter species 3~(1 17Sn1 “Sn) is 24,300 Hz, the largest 

three-bond coupling thus far recorded CS361 . 

Ligand exchange and insertion into CPt2&dppm) 2C123 has been reviewed. 

Reaction of CPt (dppm) Cl23 with NaCBH43 gives (2631, isolable as the 

crystalline PF61 - salt. NMR spectroscopy shows fluxional behaviour in the 

hydrogens only at high temperatures CS371 . Treatment of (263) with a variety 

of ligands, L, results in loss of H2 and formation of (264). Deuterium 

labelling and ligand studies imply that the mechanism is that shown in Scheme 

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

centre remote from L [S38] 

(2631 

+ 

L 
- Hz-t 

PhZpPPh2 

I I 

‘i’-” 
Ph P 2 vPPh2 1 

-t 
(2641 

Reaction of (263) with CO yields (2641 (L - CO>, which may also be 

obtained by treatment of lPt2(~-dppm)2(C0121 CPF61 2 with hydroxyl ion. 

[Pt,(,-dppm) 2(CO121 CPF,], was fully characterised by X-ray diffraction. CO may 

be replaced by other ligands such as PMe2Ph, but reaction with MeSH proceeds 

vta binuclear oxidative addition to yield (265) C5391 . 
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(263) + L * 

/ 
P 

Pt 

/ /I 
’ H 

(264) 

Scheme 14 Mechanism of reaction of (263) with ligands C5381 

CPd2 b-dppm) X21 

react with alkynes 

and [Pd2 (fi-dpam) 2X21 (X - Cl, Br or I> only 

bearing electron withdrawing groups to give 

CPd2 (w- alkynal h- dppm) &I 15401 

The kinetics of methylene 

Et2 Gc-dppm) 2X21 have been 

insertion in reaction of CH2N2 with 

investigated. The data suggest that the 

rate-determining step in “A-frame” formation is transfer of an electron pair 

from the Pt-Pt bond to the methylene group of diasomethsne 15411. Reactions of 

CPd2(Ir-dppm) 2XW and CPd2 &dppmj2@- 021 XYl with X2 have been 

investigated C5421 . 

Further studies of the coordination chemistry of Ph,P(2-py) are 

reported. Reaction between CPt (PPh2- 2- py) 2C121 and CM2 (dba) + (dba = 
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1,5-diphenyl-penta-1,4-diene-3-one) yields [PtMG-PPh2 

Pt) in which both metals are in the +I oxidation state. 

2-PY) zc’zl (M = Pd or 

Extensive 31P and 

195 Pt NMR spectroscopic studies established that 

isomers such as (2661 . However, with the analogue 

head-to-head isomer, 0, is formed. On heating, 

more stable head- to- tail isomer [543] . The head- to-tail 

these are head- to - tail 

IPt (PPh2-2- py) 2121, the 

@67) is converted to the 

complex, 0681, may be 

synthesised from CRh (PPh2-2- py> 2 (CO) CD and CPd (cod) Cl21 or 

EPd (PPh2-2-py) 2C12] and [Rh2(C014 (b- Cl> 21 . In either case, rhodium has 

undergone oxidative addition of a Pd-Cl bond. The structure was confirmed by 

X-ray diffraction; the M-M bond has a strong trans-effect, as evidenced by the 

long axial Rh-Cl and Pd-Cl bonds. The head-to-head isomer was also prepared, 

but is less stable than (268) [S44] _ 

I-Pt-Pd-_I 

I I 
Ph2 p\ 
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A new structural type for a Pt(I) dimer was established by X-ray 

diffraction of (269) ; the EPtL.$ fragments are close to planarity. A complex 

series of reactions was investigated (Scheme 15) C5451 . 

13L \ 
I-fF_L 1’ [L-fr-~Y-L]2L 

X' \ ,T; /L 
X --Pt--Pt-k 

I / 
x L 

/‘” / .* L - 
: I I L -pt-it-x 

1’ X 

Scheme 15 Reactions of (269) (L = phosphine, X = halide) [5451 

By contrast c in two slightly vague papers, Soviet workers reported the 

formation of [(Pd(PR$ Cl] ,(CO)l from PR3 and [HZPdZ(CO)2C141 . Infrared 

data suggested a semibridging carbonyl, with electrochemical measurement 

confirming that the complex is still of Pd(I) . The species disproportionates 

quite readily [546,5471. 
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CPt(CO)X31- (X = Cl, Br or I) reacts with methanoic acid and 

trialkylamines to yield [Pt2(CO)2X4J2- , the species being identified by 13C 

and lg5Pt NMR spectroscopic studies. At 300 K there is exchange 

the platinum atoms 15481 . 

Reduction of lPd2(PPh3) ,(OCOCH,),l or CPd2(PPh3) 2C121 

Na/Hg gives CPd2(PPh3)2J in equilibrium with CH2Pd2(PPh3)211 

of CO between 

with H 2 or 

CPd2 (PPh,) 2l reacts with further [Pd2(PPh3)2 (OCOCH3)4J to give (270), a 

palladium (I) dimer . Although H2 does not normally undergo oxidative addition 

to Pd(0) or Pd(lI) , the binuclear Pd(1) complex reacts readily, giving further 

lPd2 (PPh3) 2l C5493 . Treatment of I CH2Pt2 (OH) g (H20) 2) 21 with an excess 

of dmso at 100 0C yields [Pt2(OH) 2 (H20) 2 (dms0)~1 , which is indicated by XPES 

data to be a Pt (I) dimer . Et2 (dms~)~ (OCOCH,),J and lPt2 (dmso)4 (OCOCH,),l 

were also somewhat vaguely characterised [99] . 

X-ray diffraction studies of (2’71) indicate that the complex is a Pd(I) 

dimer with a direct metal metal bond. ml) is synthesised by ligand exchange 

from the analogue with terminal phosphines ; none of the species RNC, CO, SS 

or SO2 insert into the metal metal bond CSSO1. 

S- PPhZ 

1 I 
MeNC -Pd- Fti -CNMe 

I I 
Ph2P-S 

(271) 



127 

1.7 PALLADIUM (0) AND PLATINUM (0) 

The thermochemistry of the oxidative addition of species AB to 

platinum(O) has b8en reviewed [5511. 

1.7.1 Cmphxes utth Oroup Vf donor &tgands 

X-ray diffraction data ate reported for IPt(SO2) (PCy,121 , the first for 

a stable tricoordinate zerovalent platinum complex of this type. SO2 is q1 

coordinated, with pyramidal geometry. Reactions of this @Ateme 16) and its 

P(CMe+ 3 analog118 were studied; the latter iS less reactive, presumably due to 

the stark bulk and the low compressibility of the ligand [552]. 

CPt~CSz) (PCY$ 2l 
so,/o, 

1 
P CPt cso21 WY+ 2l 

cs2 
2 

cpt csq WY,) 2l 

< 
\ 

slow, 0 2 

cs2 
\ 

IPt (SO41 WY,> 2l 

0, IPt (PCYjI 2l 
PCY3 

) Et (PCY,) 31 

I’ ““/ I C ‘2 

CPt(02) (PCY,) 2l 

Scheme 16 Reactions of platinum complexes of tricyclohexylphosphine C5521 

Reaction of 

or 2 -propenyl) 

lWC2H41 (PPh,) 2l with Ph3SnCS2R (R - CH3, CH2F’h 

leads to displacament of ethene and formation of 
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CPt (PPh$ 2 CPh3SnCS2RN . X-ray diffraction studies indicate n2 

CM, with the other sulphur atom uncoordinated. The initial 

coordination of 

product of a 

similar reaction of the thioamide is analogous and n2- C-S coordinated, but 

this undergoes internal oxidative additon to yield (272> C553l . 

The very complex reactions of COS with PdC$, CPd (PPh$ J and 

[Pd(PPh3) 2C02) J have been further investigated. The characteristic mode of 

binding is q2-C-S as previously noted (Scheme 17) [554] . 

PdC12 + COS(excess) ____I) 

CPdC12 (COS>] Ph3SbO t [Pd(SbPh3) 2 (COS)] 

(273) + Ph3As - Ph3AsS t [Pd(AsPh3)2(COS)] 

Scheme 17 Reactions of palladium complexes with COS C554l 

As previously shown, CS2 also binds in the v2 manner; the new compounds 
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CPdCPR$ 2 CCS$I CR3 = We2CH) 3 or MaPh,$ have been characterised, formed 

from CS2 and [Pd (PR,$ J . However, when [Pd (PMe2143 or CPd(PMe2Ph341 react 

with cs2, the product has the stoicheiometry [EPd (PR.$ {S2CPR3)I 21. The 

structure seems likely to be (274), but this was not rigorously proven c5551 . 

#I$, _JPh3 

’ I FM-SLJS 

Ph3P / Y 

(2741 

lPt(dppe) (Q~-CS~II reacts with CPt(C2H41 (PPh$21 to give (275) as an 

intermediate. This is not isolable, unlike its PPh3 analogue, but rearranges 

to (27Q, the thiocarbonyl fragment having been transferred to the other 

platinum atom 15561 . 
S 

5 --f 
Ph2P -P1-Pt 

I I 

-PPh3 

;hZ 
PPh3 

(2751 (276) 

Palladium (01 phosphine complexes, [Pd(PR31nl react with R’NCS (R’ = Ph 

or Mel to yield CPd(PRS)2(q2-SCNR’)3 . For R’ - Ph, further reaction yields the 

dithiocarbamate complex [557] . 

Sulphiie coordination chemistry has been further investigated, with the 

aim of synthesising unstable sulphines in the metal coordination sphere. Thus 

the Pt(0) complex, 1. (Cy2PI 2Pt EE- (4-MeC6H4S) -ClCSO?t 1 undergoes oxidative 

addition to yield &s-E- [PtCl(4-MeC6H4SCSO) (PCy,121. Reaction with [Ar’SlK 

then gives Cm, as a mixture of Z- and E-isomers. Whilst this does represent 

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

C2663. 
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1.7.2 Complexes with Group V donor ligsnds 

Ark 
Pt \/\ a- s/c--5-o 

(277) 

Tetraasadisne complexes of nickel react with a variety of platinum(O) 

complexes, with transfer of the complete asadiene ligand from one metal to the 

other (Scheme 18) _ The formulations of several possible intermediates were in 

accord with the limited spectral data available [SSS] . 

CNi (Ar2N4) (CNCMeS) 2] 

CNi (Ar2N4) 2Pt (CNCMeS) 2] 

CPt (cod) 2l 

/ 

---x 

Me3CNC 

IN CAr2N,> $ 

1 

v 

\ 

EPt (Ar2N4) CCNCMe3) 2l 

A, MeSCNC 

CR (cod) 2l , PEt3 

A 

[Pt(Ar N ) (CNCMe3)2J 2 4 

CNi CAr2N4) Pt (PEtS) 2] B decomposition 

Scheme 18 Transfer of tetraasadienes from nickel to platinum CSSS] 

Several routes to mixed-ligand palladium(O) and platinum(O) complexes 

have been more firmly established this year. Reduction of [Pd(PPh3)2C12J by 

KDH4] in the presence of L yields, somewhat surprisingly, [Pd (PPh.$ L2] (L = 

Ph2PC6H4-4-X; X = F, Cl, CHS, OCHS or COOH) . The complexes have 

been characterised by IR, electronic and NMR spectroscopy, cyclic voltammetry 
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NMR spectroscopy, cyclic voltammstry and DTA E559,5601 . Thermal stability 

decreases in the order X = Cl > OCH3 F > COOH > CH3 15613. Photolysis of 

cPtcpEt3) 2 tc20413 in the presence of L yields CO2 and IPt(PEt3) 2L,J (L - PEt3 

or CO, n = 2; L - C2H4 or C2F4, n - 1). Using XY (l&OH, HSiEt3 or 

CH3CD, which is capable of oxidative addition, cts- or truns- [Pt (PEt3)2XYJ is 

obtained, the intermediate in all cases being Ipt(PEt3J2J C5621 . 

IR and Raman spectra of CPt(PPh3)4J, CPt (PPh312 CO21 I and 

CPt(PPh3) 2(C2H4) J have been studied ES631 . The lifetime of homogeneous 

metal(O) phosphine complexes, such as EPd (PPh3)41 , used in cyanation of aryl 

chlorides, may be increased several fold by application of a reducing 

potential [564J . 

Reaction of CpdL41 (L = Me3P or MePh2P) with HCl yields, vta oxidative 

addition, trctns- CHPdL2ClJ . Reaction of this product (L - Me3Pl with NaCBPh4J 

in the presence of an excess of Me3P gives CHPd(PMs3) 3J , 

species. Oxidativc addition of PhCH2Br to IPdL4J results in 

[PhCH2PdL2BrJ I5651 . 

formally a Pd(Il 

the formation of 

Treatment of (278) with (mesityl)P-CPh2 yields (2791, in which the 

q2-coordination of the ligand was established spectroscopically. This is in 

contrast to the reaction with CPt (PPh3)2(C2H4Jl , reported last year, and that 

with CPt.kod)2J , both of which result in the formation of q1 -species. Me3CGP 

also reacts with (2781 to give an q2-product. The preference of the triple 

bond for q2 coordination is shown in the formation of (2801 from a mixture of 

ligands and CPt (cod) 2J L’S663 . He I PE spectra of Me3CCsP have been assigned 

by comparison with other related species. It was shown that there is greater 

separation of s and n levels in GP than in C&N, in accord with the 

observation that the phosphorus lone pair is not the sole binding site for any 

complex of this ligand [567] . 

The. preparation of Cpt2(~-dppm)3J by three different routes has been 

reported [5683 . A simpler synthesis of Cpd(dppmj2J is achieved by reduction of 

CPd CPhCN) 2C12J by NaCBH4J in the presence of dppm C569J . 
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1.8 PALLADIUM AND PLATINUM CLUSTERS 

The orbital interactions of platinum clusters with CO have been studied 

15733 . Other hydrido platinum carbonyl clusters have been investigated [574] . 

2.8.1 77tJnsrtc CLusters 

In the clusters [Pt3 (p-CO) 3L4J (L = PEt3, PMe2Ph, PMePh2, PEt2t-3n or 

P (CH2PU Ph2) , 3 ‘P and lg5Pt NMR spectroscopic measurements show non-equivalent 

phosphines and two types of platinum atoms, leading to a postulate of (2821 

for the structure C5751. The complex with L = PPh3, when impregnated onto 

inorganic supports for catalysis or chromatography, yields 

CPt, &-CO> 5 (CO) (PPh3141 , a fact which is significant in terms of the use of 

such systems in catalysis 15761 . 

L L 

\/ 

ociTv 
L/Pt-Pt\L \/ 

co 

Two other papers report the preparation of proven triangular clusters. 

Reaction of Pd(OCOCH3) 2 with dppm, CO and tfaH yields [(283)] 2’; 

X-ray diffraction stndies indicate that the (Pd3P6] unit is roughly planar 

C5771. Treatment of [PtL31 EL - Me3C(Me3Si)NPNCMe33 with Me3CNC or CO 

gives respectively 0841 and (285). These structures, confirmed by X-ray 

diffraction, represent the first examples of clusters containing a bridging 

phosphazene ligand C5781. 

Both X-ray data and 31 P NMR spectroscopic studies imply that the cyan0 
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bridges in lPd3 (dppe) 3 (p- CN) 31 [ClO,l 3 are significantly non-linear c5791 . 

E 
RNc\pt/ C\pt/CNR 

‘\ /’ RN-P, Pt/ P-NR 

RkN 
/ 

I 
\ 

NRR’ 
CNR 

RkN\ /N” 

oC\,p\,,/Co 

‘\ /‘- R N--P, Pt, P-NR 

RR‘N ’ I 
\ 
NRR’ 

co 

The reaction of the Pd(OCOCH3)2 trimer with CO has been investigated, 

the pathway proposed being shown in Scheme 19. Whilst kinetic measurements 

studies of intermediates have clearly been useful, a number of the steps are 

still less than well -defined CSSO ,58 11. 

CPd(OCOCH3)2133 + CO - CCPd(OCOCH3)2)3COJ - 

CPd3 tOCOCH,> 5 KOOCOCH3)l - [Pd3 (OCOCH,) 5 KOCH31 I c CO,+ 

trays- CPd2(C0)2(0COCH3)2(r-OCOCH3)23 ___ E{Pd(CO) (OCOCH31141 

1 

[CH,COOJNa/CH3COOH 

Pd(0) + 2C0 + 2C02 t 2CH3COOCOCH3 

Scheme 19 Reaction of palladium ethanoate trimer with carbon monoxide 
C580,5811 
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Treatment of CPd (PPh3) 2C121 or IPd2(PPh3) 2C141 with dihydrogen and an 

amine yields CPd3 (PPh3) 3 (cL-PW~) 2 b- Cl1 1 Cl, in which XPES suggests an 

oxidation state close to tl for palladium. Various mechanisms are proposed for 

formation of the cluster and the reaction is related to that of the ethanoates 

CS821 . The same cluster is among several products formed by reduction of 

CPd (acac),$ with molecular H2 in the presence of PPh3 15831 . 

A somewhat different type of trimer, c386) a is formed on reaction of 

2,6 - bis (diphenylphosphino) pyridine with CPd (cod) Cl2 . X-ray diffraction shows 

a non-symmetric structure with two cts- and one trans -coordinated palladium 

C5841. 

Ph2 Ph2 

(286) 

Reaction of PdC12 with K+/SnC12/HF is reported to 

K8 CPd3Sn8F243 . 10H20 as the major product CSl 51. 

1.8.2 Tetrmedc ctusters 

yield 

Molecular orbital calculations on phosphine substituted clusters of the 

platinum metals indicate how they may be encompassed within the framework of 

the polyhedral skeletal electron pair theory. Both the butterfly cluster 

D’t4 (CO) 5 IPR3) 41 and the edge bridgad tetrahedron CPt5(C0)6(PR3141 are 

considered in detail C5851. The butterfly structure was assumed by groups 

synthesisiug CPd4 (CO) 5 (PBu3) 41 from CPdlO(CO) 12(PBu3)61, CO and PBu3 
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C5861, and CPd4 (CO) 5 (PMePh21 4l from [Pd (PMePh212 (NO21 I and CO 

[587] . No attempt was made to define the structure of the diamagnetic species 

(287) formed in reaction (581 CSSSI . 

Pd(OCOCH3)2 t phen 
CH3COOH/H2 

) CPd4(phen) (OCOCH,) 21 

T 

KC1 I 
K CPd9 (phen) (OCOCH,) 3 Cl33 4 CPd9 (phen) (OCOCH,) 3 (02131 (58) 

1.8.3 Rtgher nucbeczrtty ctusters 

The stoicheiomatries and geometries of EMn (PR3)nl* (n = 3,4,5 or 6; M = 

Au or Pt) were analysed using extended Huckel calculations. The isolobal 

nature of the CM IPH313 fragment depends critically on the nature of M and may 

be used to provide a basis for predicting cluster structure [589] . 

CPd(?‘,a3-C,H,,)(PMe,)3 reacts with CO in toluene at -30 0C to give 

CPd7 (CO) 7 (PMe3) 73 . X-ray diffraction established that the structure is a 

face-capped octahedron of Pd atoms with one PMe3 attatched to each. Four 

the CO molecules bridge faces of the octahedron and the other three bridge 

edges to the unique palladium C5901. 

of 

Treatment of Pd(OCOCH312 with CO/R3P/CH3COOH in propanone 

gives a mixture of CPdlO(CO) 12CPR3)63, lPdlOCCOI 14(PR3141 and the 

tetrameric cluster, [Pd4 (CO), (PR3J4] (R = Bu or Et> , the ratio of the products 

depending on the molar ratio of the reactants. Solvent is also important. The 

Pd10 compound with R = Bu is a lo-vertex polyhedron, an octahedron with four 

unsymmetrically centred palladium atoms on non- adjacent faces _ The PBu3 

ligands are coordinated to the apical palladium atoms, and the capping atoms 

c591,s921 . 



137 

A careful investigation of commercially available PdCl2 has been 

performed. It appears to be very similar to “p-PdC12”, which is also formed 

from rPd3(OCOCH3)61, CO and HCl. Mass spectral data suggest a 

Pd6ClL2 formulation with two EPd3C131 units lied by chlorine bridges C5931 . 

CPt12(CO) 241 
2- catalyses the reaction between water and benzoquinone to give 

oxygen and 1,4-diiydroxybenzene . {Pt,) units seem to be the important reacting 

species t5941 . 

Two salts of the supercuneane dianion, IPt24 (CO) 22(‘- CO) aI 2- , have been 

isolated. The cubic close-packed Ipt24) unit is related to two ten atom 

Pt(lll1 faces, and the structure may be considered as a model for absorption 

of CO on metallic platinum Ki951 . 

1.8.4 KieteronucLear cLu.stsrs 

Whilst structural studies continue to dominate reports of heteronnclear 

clusters, reactivity is becoming more significant to many authors. 

Extended Hiickel molecular orbital calculations have been 

performed on the croso-platinaboranes CL2M(B1 1HL 111 2- and l$M (B6H6)l 2- 

and the cLoso-platinacarboranes lL2M(C2B9H1 ,>I and CL2M(C2B4H6)l 

{L2M - CH3P12PtI . These chiefly relate to the orientation and slip distortion 

of the &¶L21 fragment relative to the polyhedron C5961. 

The clusters of this type which are being synthesised are 

becoming more complicated. The 17 - vertex macropolyhedral 

trimetalloborane, [ WhMe2P) 4Pt3B14H163 , (288) , may be interpreted as a 

formal pentadecahapto complex of a 7,7’-bi(arcrchw-heptaboranyl) type 

ligand coordinated 
4 5 6 

sl rn ,r) to three metal centres, or a ntdo type 

2,7, lo- trimetallaundecaborae cluster conjoined to Bn 

tso-c1r~lcr~1o-6,8-dimstallanonaborane cluster with three adjacent vertices, 

Pt-B-Pt, in common CS971. The fist .ntdo 1 l-vertex dimetallaborane cluster, 
I I 1 

7,7- (Me3P)2-9- CPPh3)-9- (Ph2P-2’-C6H4) -9-H-ntao-7,9-PtlrBgH10-43, (2891, 
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has been characterised by X-ray diffraction. The complex is prepared from an 

iridadecaborane and cts- CPt(PMe3)2C121 , and the metal atoms are in 

non-adjacent positions OQ the open face C5981. 

Reaction of cpt, @Et31 4 &cod) 3 with ntm-5,6-C2B6H12 yields 

C9-H-9.9-IEt3P)Z-G10,11 _ HI - 7,8, Q- C2PtBsHlol , (290) , characterised by X-ray 

diffraction. It is formed by oxidative insertion of the CP2Pt3 fragment into a 
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I-BHB function Followed by interaction of Pt (II) with the cage. The structure 

approximates to a ntd~ icosohedron with a CCPtBB open face. On heating 

molecular hydrogen is evolved; the p-H is lost and one PEt3 ligand is 

transferred from platinum to boron to give [9-H-9,1&(Et3P)2-7.8,9-C2PtB8H+, 

a911 c5991 - 

(2901 

(291) 
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Reaction of CPt (PPh3141 with K4 CPb91 in the presence of en yields a 

species which shows a triplet in the 207 Pb NMR spectrum (J~~_P~ = 4122 Hz), 

allowing the assignment of a formula EPb,PtLJq- . An analogous species is 

proposed from K4 CSr$l/ en. The structure predicted is related to ntdo-B10H14, 

with platinum occupying one of the open positions [600] . 

Some further reactions of bimetallic W-Pt compounds have been reported 

this year, and two extensive full papers published. When (292) is 

the Tebbe reagent, (2931 is isolated and character&d by X-ray 

C6Oll. Treatment of CPtW G-C IOMel RI (CO) 5 (cod) 1 with dppm 

treated with 

diffraction 

yields CPt3 (CO) 3 (p-C IOMeI RI 31, CPtW (p- C COMeI RI (F-dppm) (dppm-PI (CO) 4l 

and, as the major product, [PtW(p-C (OMeIR> &-dppm) (CO) 5l , (2941, this latter 

being characterised by X-ray diffraction. The platinum atom has roughly square 

planar coordination with one coordinated carbon monoxide ligand. Treatment 

with H[BF41 yields species with bridging carbyne ligands Cd021 . Under 

carefully controlled conditions, (295) , an intermediate in the formation of 

(2941 I may be isolated. Chromatography on basic alumina yields (2961, 

characterised by X-ray diffraction 16031 . 

R R 

A 

cp2Ti, ,AIMeI 
CI /<i 

(Me3P12Pt -w (CO) fp e (Me+‘+ Pt,_ -w CCOkp 
‘1 

‘co 
/ 

(292) 

Me0 R 

(293) 

Me0 R 

x 
ph2 

coo,w- 
/ 

Pt\p > 

Ph2P-kPh2 

(294) 

ph2 

(295) 
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(2961 

Two routes to the first family of hetarotetrametallic palladium 

clusters lPd2M2(cp)2(C0)6(PR3123, (297) (M = Cr, MO or W; PR3 = PMe3, 

PEt3, PBu3, PMs2Ph or PPh.$ , have been described {reactions (59) and (60)) . 

The X-ray diffraction studies of (297) showed several notable features. PEt2 

is coordinated to palladium and the four metal atoms are coplanar in a 

triangulated parallelogram. The eighteen electron {M (cp) (CO) 2) - fragments act 

as 4e- donors towards the L- PdU) -Pd (I) -L unit. Two of the CO ligands are semi 

triply bridged on the hetsrotrimetallic face M-Pd-Pd’ , with M-CO shorter than 

Pd-CO. All the metal metal contacts are short, but at 2.578 A for Pd-Pd’ , this 

is the shortest reported for this bond type, shorter even than in the bulk 

metal C6041. The clusters, which have also been prepared for platinum, exhibit 

an unexpected irreversible two-electron reduction leading to rupture of the 

metallic core C6053 . Adsorbed on alumina, (297) (M = MO; PR3 - PPh,) is an 

active catalyst for carbonylation of PhN02 to PhNCO in high yield [6061 . 
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NaCM (CO) 3 (cp) 1 + EPd (PPh3) 2C121 - 097) + [M2 (CO) 5 (PR3) (~~1~1 (59) 

M p MO or W 

Na EM (CO) 3 (cp) 1 + CPd WhCN) zCLJ ---P [ (cp) (CO) 3M-Pd(PhCN)2-M (CO) 3 (CP) I 

I 

I R3P 

4. 

0 (90 %I (60) 

Nucleophilic attack of NaCMn(C0) ,I on CPd2(p-dppm)2C121 gives the 

non-symmetric tetrametallic species (298) in 23 X yield, as well as 18 x of 

[PdCl b-dppm) 2Mn (CO) 3] [6071 . In a closely related reaction, Na [Co (CO) 41 

yields (Pd2C02(C0)7(dppm)2] , again charaoterised crystallographically 16081 . 

2 

098) 

Roussin’s red salt, Na2[Fe2(p-S)2(N0)4J, reacts with cts- CPt(PPh3)2C121 

in thf to yield [(Ph,P) 2Pt&3-S) 2Fe2 (NO)J , which is also obtained by 

displacement of CO by NO in c(Ph3P) 2Pt&3 -S) 2Fe2(CO)63 . The complex 

was characterised by X-ray diffraction, and the planar CS2Fez) rhombus of the 

initial salt is folded in the platinum adduct, with both linear and bent 

nitrosyls on each iron atom C6091. CPtFe2Te2 (CO) 6 (PPh3) 21, like CFe3Te2 (CO) d , 

is a fifty -electTon cluster. However, since Pt(II) prefers a sixteen-electron 

system, the {(Ph,P) 2Pt} fragment is effectively equivalent to CFe(CO)& or 

ECo (CO) (cp)) . Thus although a ntao-structure would be expected purely on the 

grounds of the electron count, the 
125 Te NMR signal observed is more typical 



of an LII-UC~~~O compound [610]. Chiral octahedral complexes, 

different types of metal atom in the polyhedron, were formed in 

C6111. 
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containing three 

reaction (61) 

diglyme 
[Et&l 2 [Fe+ (CO) 141 + RhC13 ) [Et&l CFe$W (CO) 143 

C~(q3-allylH’dCl&l 

J 
CEtqNl CFe4RhPdC (CO) 1 ,I 

(61) 

The unstable crimson cluster 099) is obtained from 

CRu3(CO) 1 f (CNCMe3)l and [Pt(PPh3)2(C2H4)l at -30 *C. At room temperature 

it decomposes rapidly, yielding triruetallic species CRu2Pt (CO) 7 (PPh31 31 , 

CRuPt2(CO) S (PPh3) 3l and CRuPt2 (CO) 6 (CNCMe3) (PPh3) I as well as 

the tetrametallic cluster, k2Pt2(COI 9 (CNCMe3) (PPh3)l as the major platinum 

containing species. cRuPt2(CO) 5 (PPh3) 3l b ecomes the major product in the 

presence of CO, and was characterised crystallographically. Reactions of (299) 

with Me3CNC, Me3P and (Me01 3P were also studied C6121 . 

PPh3 I 

oc\Ru/co I 
0 0 +I? 

Pt= Pt 

I I 
Ph3P PPh3 

(2991 

An unsaturated osmium platinum cluster COs3Pt(cr-H) (CO) lo(PCy3)l , reacts 

with molecular hydrogen at 200 atm pressure to give C3001, the. reaction being 

reversed if dihydrogen is removed. CO may also be reversibly added to the 

compound, yielding EOs3Pt(r-HI (CO) 1 l (PCy3)1 16131. 

In the presence of MC12 (M = Pd or Pt) , [Rh2(cp) ,(w CO> (CO) 23 
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is converted to C CRh (cp> (p- CO> 3 31. CRh2 (cp> 2 CC01 2 (p-MC121 3 is Formed as an 

intermediate and decomposes to give CRh (cp) (CO) I, which readily trimerises 

[614] . CPt2Rh, 1 (CO1241 3- and CPtRhl2 (CO) 2Q 
4- were obtained from the 

controlled pyrolysis of CPtRhs (CO) 1 ,I - . The platinum atom lies inside a twelve 

metal atom shell, and there are twelve bridging and twelve terminal CO ligands 

[615]. 

Structures of neutral and cationic complexes with bridging Cl and CN 

ligsnds have been investigated. The bent MClM and MCNM bridges in oligomers 

suggest that chlorides will normally be dimeric, whereas cyanides prefer a 

tetrameric structure 16161 . 

1.9 CATALYSIS BY PALLADIUM AND PLATINUM COMPLEXES 

Synthetic and catalytic reactions involving Pd(II) and Pt (II) complexes 

have been reviewed [617]. Complexes with Pd-Pd bonds are active catalysts for 

hydrogenation, carbonylation, oligomerisation , hydration and oxidative 

acetylation of alkenes 

1.9-l Hydrogenatton 

[618]. 

Again this year, many reports refer to the use of palladium complexes 

immobilised on polymer supports for “homogeneous” hydrogenation. As noted 

previously, XPBS identifies the active species as an o,nr-bonded chelate when 

the catalyst is a polyvinylpyrrolidone palladium complex supported on silica. 

In addition to the previous studies with alkenes, this species has now been 

used for reduction of nitrobenzene to aniline with H2 (1 atm, 25 0C) C6191 . An 

analogous catalyst bound to a crosslinked polystyrene backbone is also 

reported C6201. High activities in atkene reduction are noted for 

poly Coxa -7 - diphenylphosphino -6 - hydroxyheptyl) siloxane C6211 and 

poly {y- (3 or 4 -diphenylphosphino) phenylpropyl) siloxane palladium complexes on 
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silica [622,623] . The latter two catalysts are readily reusable without loss 

of activity. Polystyrene bearing NMe2 groups, complexed to PdC12, gives 

a catalyst for alkene hydrogenation which is sensitive to steric 

hindrance in the substrate. The catalyst is air stable, and again reusable 

without loss of activity 16243. Polyphenyl quinoxaline palladium complexes 

supported on silica C6251 and chelates of palladium with poly(3- or 

4 -hydroxyphenylbenzoxaxole) terephthalimides as fibres C6261 have also been 

used as catalysts. 

CPt(PPh3)41 has been used for preparation of Pt/C and Pt/A1203 catalysts 

for hydrogenation; this complex gives catalysts of higher activity than those 

obtained using CPt (NH3141 Cl2 [6273 . The mechanism of selective hydrogenation 

and isomerisation of hexenes in the presence of aromatic hydrocarbons on a 

palladium sulphide catalyst has been investigated [628] . 

PdC12, with or without NaIIBH41, in polyethylene glycol is an excellent 

and selective catalyst for reduction of alkyncs to C&S-alkenes. Under more 

forcing conditions, alkanes are obtained C629-6311_ 

IPd2(PPh3) 2C141 has been used as a catalyst for reduction of ArN02, the 

aniline being the sole product under elevated H2 pressure. The reaction 

intermediate CPd(PPh3) (PhN02) Cl,] was isolated and characterised, and a 

mechanism accounting for all the observed products proposed (6321 . Using 

trans- EPd(pyI,Cl$ as catalyst, 60-90 X ArNH2 is obtained from ArN02 at 1 atm 

H2, but the yield is increased at higher pressure C6331 . 

Chiral carboxylate derived ligands such as (3011 form complexes 

[ (q3-ally11 PdLCl] with the ally1 palladium chloride dimer . On treatment with 

NaDH41, a catalyst for enantioselective reduction of itaconic acid is 

obtained, but optical yields are low [6341. 

Et2N 

P(NEt$z 
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Pd(II) catalyses the decomposition of methanoic acid to H2 and CO2, an 

important step in the use of HCOOH as a reducing agent [635] . 

The activity of IPt (H20) ,C14 _ ul ue2 (n = 0, 1, 2, 3 or 4) in catalysing 

H/D exchange in alkanes is related to the distortion energy of the complex 

[636] . K2[PtC14] is reported to be generally the best catalyst for H/D 

exchange of hydrocarbons and heterocycles by D20, but [Pt (en123 Cl2 is 

recommended for sulphur containing heterocycles C637, 6381 . 

1.9.2 Carban nwnoxtde reacttons 

@t (PPh3) 2C12] /SnC12 is a well established catalyst for alkene 

hydroformylation . Addition of chelating diphosphines alters the reaction rate; 

dppe is an inhibitor and the best rate is obtained with dppb, which also gives 

enhanced selectivity for aldehydes . It seems that a chelating phosphine in 

which one phosphine is relatively readily decoordinated is the ideal ligand 

C6391 . The precatalytic reactions of [Pt (PR31LC121 (L = R2S or CO; R = Ar) 

with S&l2 have been investigated 16403 . 

Hydroformylation of l-pentene in the presence of 

[Pt (PhCN) 2Cl$ /dppf/SnC12 at 100 0C and 100 atm gives 60 % aldehydes, of which 

97 % are straight chain C6411 . Pd(OCOCH3)2/R3P/maleic anhydride is a useful 

catalysts system for dimerisation/carbonylatioa of butadiene to yield 

octadienoate esters C6421 . 

The rather spectacular enantiomer excess (95 %1 reported in asymmetric 

hydroformylation of styrene in the presence of [{(-I -DBPDIOP) PtC12] has now 

been revised to 73 %, a result which is, by any standards, still impressive 

[643] . 

Reaction of 1-nonene with CO/H20 in the presence of polymer supported 

Pd(I1) yields decanoic acid and its isomers. The best yield and Selectivity is 

obtained using PdC12 on chlorinated poly(vinylchloride1 I6443 . a-Methyl 



147 

carboxylic acids are the main products when 1-alkenes are treated with CO/H20 

in the presence of PdCl,/CuC12/02/HCl C6451. 

Carbonylation of halides, RX, in the presence of CPd(PhCN) 2Cl21 /R ’ 3P 

yields RCOOH. Rates are in the order R - alkyl < Ph < PhCH2 and 

X - Cl < Br < I 16461. Acids are also obtained usiug CPd(PPh3) 4] as catalyst 

under phase transfer conditions. The nature of the palladium complex employed 

is critical in this case; CPd2 (dba) 31 (dba = 

1,5 -diphenyl penta - 1,4 -diene - 3 -one> catalyses reduction and coupling of the 

halides, whereas CPd(dppe) 2j gives acids under “normal” conditions, but esters 

under phase transfer conditions 16473. Esters, ArCOOR, are also obtained from 

tAr2IlX in the presence of PdC12 or Pd(OCOCH312 16481. 

Carbonylation of alkyl substituted 3 -bromo -but - 3 -ene - 1 -ols in the 

presence of pd(PPh3)4] yields a-methylene lactones 16491 . 

In the presence of amines, one might expect to obtain amides as the 

products of halide carbonylation , and many intramolecular reactions of this 

type are known. However, using [Pd (PMePh2) 2ClJ or [Pd(dppb) Cl21 as catalysts, 

the main product is RCOCONR’ 2 from RX, CO and R’2NH. Selectivity is up to 

98 X for R = Ph, R’ = Et [650,6511. 

Halides may be converted to aldehydes by a combination of carbonylation 

and hydrogenolysis (reaction (6211 [6521. 

[ pd (PPh3&l 
+ CO + BuQnH ______) + Bu$nCI 

Cl 50* CHO 

Carbonylation of 1,3 - dinitrobenzene in the presence of cPd(py) 2C121 or 

(62) 

CPd(quin) 2C121 gives the bis(isocyanate) I6531 . However, in the presence of 

ethanol and using VC13/PdC12 as catalyst, ArNHCOOEt is obtained from ArN02, 

with a selectivity which depends on the nature of Ar [654]. 

Reduction of CO by molecular hydrogen over platinum metal carbonyl 
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cluster catalysts gives ethanol as the major product [655]. 

Oxidative coupling and carbonylation of ROH in the presence of 

stoicheiometric benzoquinone and catalytic [Pd (PPh3J2 (OCOCH,) $ gives 60- 95 % 

of oxalate esters [6561 . 

Reaction of ethyne with CO in the presence of FeC13, HgCQ, LiCl, PdCIZ 

and HCl yields tram - 3 -chloropropenoic acid, vta vinyl mercury and vinyl 

palladium compounds C6573 . 

Site specific oxidative carbonylation of indole and its derivatives 

takes place in the presence of Pd(OCOCH3),/N~[S208] (reaction (63)) [658]. 

Thiophene derivatives, such as (302) react similarly [659] . 

m + co 
Pd (OCOCH3) 2 

) 

i 

No+S$g1 

R 

3,.r 
COOH 

63) 

R= COOMe, COP% OT H 

I--J 

W(OCOCH312 

I?-- S 
+ co - 

Na$S2081 

(302) 

R = H, Me, Cl or Br 

COO H 

Finally, CO and CC14 may be added simultaneously to an alkene under 

palladium catalysis (reaction (64)) C6601 . 

w + co + ccl: 
Pd(OCOCH$2 /PI’5 

> 
EtOH / KZ[C031 

60 40 (64) 
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1.9.3 Oxtdatton 

K,[PtC141 supported on alumina is active for the oxidative chlorination 

of CH4 by HCVO2 mixtures 16611 . 

The effect of hydrophilic solvents on the 

of alkenes has been investigated. Mechanistic 

and oxidation to ketones were discussed C6621. 

palladium catalysed reactions 

implications for isomerisation 

Again this year, many papers concerning the Wacker oxidation refer to 

little more than minor improvements in technique or reaction conditions or 

more detailed kinetic studies [663-6651 . Further details of the study of 

reaction (65) are reported; l7 0 NMR spectroscopy implies that the oxygen atom 

from Limo31 becomes the carbonyl oxygen C6661 . 

‘ZH4 + ‘2 
CH3COOH, Pd(OCOCH3)2, Li[N031 

) CH3CH0 (65) 

A loug series of papers ftom a Soviet group details kinetic 

studies, effects of catalyst and additives, and proposed mechanisms of 

the various versions of the palladium catalysed oxidation of ethene to 

CH3COOCH2CH20COCH3 or CH3COOCH2CH20H 1667-6721. 

Numerous other oxi&tions of l-alkenes in the presence of PdC12/Cu2Clz 

have been investigated. The kinetics of butene oxidation have been studied and 

imply a binuclear CPd2 (butene) 2C121 intermediate [673,674] . W- Unsaturated 

esters have also been oxidised, the presence of quaternary ammonium salts 

giving increased yields 16751. Na2CPd(Ph2PC6H4S03)2C12] 16761 

and pd(MeCN)2(N02)Cl] [677], in the presence of CuCl2, have also been 

used as catalysts. XPES studies of palladium black samples and 

[Pdl,, (phen) 4 (OCOCH,) 2 (02j 3] have b8en related to their catalytic activity 

in propeme oxidation C6781 . 

Whilst the palladium catalysed oxidation of internal alkenes is 

relatively uncommon, ally1 b8nzyl ethers are converted to ketones with good 
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regioselectivity (reaction (66)) C6791 . If the reaction of enones is performed 

in the presence of a diol, an aldehyde acetal is obtained, again with good 

selectivity (reaction (67) 1 C6801 I 

RL, + “~~f-“f PdC1+uClps R 

(66) 

(671 

When the catalyst system used is Pd (OCOCH31Z/I.X1/Li [NO31 /CH3COOH, 

the major products of 1 -alkene oxidation are mono - and di-ethanoates C6811 . 

Both 1,2- and 1,4 -oxidative addition products are obtained from bntadiene and 

RON (reaction (68)) C6821 . 

PdCl2 
- + 02 f ROH -----+ 

CUCi? 
+ ROwoR 

L 

(68) 

Other catalytic systems promote allylic oxidation of alkenes. For 

example, propene is converted to ally1 ethanoate in the presence of a phen or 

bipy Pd(0) cluster 16831 . Cyclopentene gives cyclopentenyl ethanoate as the 

main product using Me3COOH as oxidant and a catalyst system formed from 

PdC12/Te02/AgOCOCH3 in CH3COOH. The mechanism is thought to 

involve acetoxypalladation followed by dehydropalladation [684] . Both enones 

(from allylic oxidation) and 

1 -alkenes in the presence of 02 

Thiocyanates, RNCS , are 

presence of PdCl2 C686l . 

methyl ketones are obtained by photolysis of 

and Pd(02CCF3)2 [6853. 

oxidised to RNCO by molecular oxygen in the 
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Aldehyde acetals may be opened to yield hydroxyesters by Me8COOH, using 

CPd(OCOCF8) (OOCMe,)l as catalyst (reaction (69) > ; PdC18 and CPd (MeCN) 2ClJ 

are also effective but yields are lower [6873 . 

0’ 

9 RA OKH21nOH 
H M e3COOH 

R 

X O\ 
(CH21” 

[Pd (OCOCF3~(0OCMe$I 
0 

(69) 

1.9.4 Other adltttins to abkenes and al.kynes 

This year’s reactions have provided some novel processes in 

hydrosilylation chemistry. 4 -Halophenylpropyltrichlorosilane and 

4 - halophenylpropylalkyldichlorosilanes form useful copolymers with CSi COEt) 4l . 

Both may be prepared in good yield and selectivity by hydrosilylation of the 

appropriate allybenzene in the presence of H9CPtC161 C6881. There have been 

two reports of rather regioselective addition of 

CPd(PPh3j41 (reactions (70) and (71) 1 [689,6901 . 

5iMe3 
/ 

-z= + 
[pd (PPh3141 

CIMe2SiSiMe3 7 

==& 

(70) 
93 Ol. SiMe2C[ 

disilanes catalysed by 

4-4 
II’d (PPh 3)41 

+ CI$4eSiSiCI2Me / 

82 “lo C12MeSimSiMeck2 

(711 

Two other, somewhat more curious, addition reactions also yield silanes 

as the ultimate product. Reaction of alkynyltrimethylsilanes with allylic 

chlorides in the presence of CPd (PhCN) & generates 
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E-4-trimethylsilyl-5 -chloto- 1,4-dienes 

stereo-selectivity, being the product of 

with good regio - and 

formal trons-addition of the ally1 

chloride across the triple bond (6911 . Silylmetalation of alkynes occurs in 

the presence of [ML,Cl,J (M = Pd or Pt; L = R3P) (reaction (72)). 

Regioselectivity depends on M’X and L. (303) is favoured by more than 99: 1 

with M’X = MeMgX and cts- CPtCPBn3) ,C12] ) but (3041 is the major product 

(85 W) with M’X = Et2AlCl and [Pd[P(2-MeC6H4)3)2C12] as catalyst 16921 . 

R = 
,)PhMe2SiLi/M’X/“Pd” AiMe*Ph 

-- ? R* 
21 H30’ 

-t R\ (72) 

F== 
SiMe2Ph 

(303) 

The strictly cts -addition of DCN to alkenes in 

CPd (DIOP) J may be contrasted with the reaction 

(3041 

the presence of 

in the presence of 

CNi MOW) 33 4l /ZnC12, in which rearrangement and isotopic exchange occur 

C6933 . Asymmetric addition of HCN to norbornene using [Pd(DIOP)2] gives an 

optical yield up to 24 %, but catalysts derived from diphosphine ligands 

forming five-membered chelate rings are inactive C6941 . 

Stereoselectivity in the reaction of ethyl diazoacetate with styrene 

catalysed by Pd(OCOCH3) 2 is only 2: 1 in favour of the c6a-cyclopropane C6953 . 

Numerous catalysts were tested for the reaction of diene (305) with N2CHCOOEt. 

Regioselectivity was very poor when CPd(PhCN12C121 was employed [696] . New 

this year are two reports of palladium catalysed reactions of nitrenes, 

derived from N3C02R (R = Me or Et) . N3C02Me reacts with (306) to give 

(307) and (308). The best catalyst for the formation of (307) is 

EPt CPhCN) 2C121 , giving 95 X of the desired material. Up to 24 X of the 

aziridine is obtained with [Pd(PPh3) 4] [697,698] . 
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R 

A R’ 

(305I R = H, R’ - Me, Ph, Cl or OMa 

R = Me, Ph, Cl or OMs, R’ = H 

,,Pd” 
+ N3COOMe -} 

(306) R = H or Me (3073 

R 

“g NCOOMe 

Me 

R 

OMe + 
dc/ 

I 
tOOMe 

(308) 

Some palladium catalysed additions involve attack of a nucleophils on a 

palladium alkene complex formed tn &tu. Cyclisation of (3091 is an example of 

such a process, proceeding in 70 X yield 16991 . 

/,,,,e/NHz MC12 ,c’-+ ) 

70 “lo ui N 

(309) 

1.9.5 Lsomrtsatton 

PdCIZ , supported on various grafted cop01 ymers , treated with 

Na CBHJ /MeOH, has been tested f?r activity in isomerisation and reduction of 

ally1 benzene. Activity depends strongly on the electron donor properties of 

the grafted group 117001 . Palladium on carbon gives only (3111 on 

isomerisation/dehydrogenation of (3101, in contrast to other catalysts C7Oll . 



(3 10) (311) 

Isomerisation of the allylamine (312) to the enamine (313) is achieved 

in the presence of Pd&IO3] 2/PPh3, the product being used in a synthesis of 

7 -hydroxycitronellal C7021 . 

Y- 
NEt2 NEt2 

HO 
+ 

m-l*)~ 
W[N03JZ PPh3 I 

> HO 
NaOPh 250’ + 

15 h 

(312) (313) 

The ally1 ester (314) is readily converted to (315) uta cleavage of the 

C-O bond to form an allyl, attack of carboxylate on coordinated alkene and 

loss of {HPd(allyl)) C7033 . 

(3 14) (315) 

Reaction (73) involves a similar process, with attack on the 

intermediate ally) by the more nucleophilic nitrogen atom [704] . 

CM (PhCN)2C121 (M * Pd or Pt) I among many other species, catalyse the 

opening of (316) to (317) in good yield. It is thought that the ester group 



participates in the reaction, since the analogous 

with a mixture of products in low yields C7051. 

a 
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alcohol gives a poor result, 

[Pd (PPh3J I or - RCH 
[W(PhCN$C$l 

(731 

Me0 
COOEt 

catalyst 
CH-CH;!COOEt 

(316) (317) 

Reaction (74) , of a silylated epoxide, gives an snone in good yield, 

ring opening being accompanied by desilylation C7061 . 

0 R’ 

13 
fi 

SiMe3 

m(OCOCH3& 

R’ (741 

The ring opening of spiperoxides, such as (3 181, gives a mixture of 

products. Several pathways are proposed to account for this, some involving 

Pd(I) snd some Pd (II) [70A . 

(3181 
trace 
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1.9.6 RydrogenoLysts 

Pt (II) catalyses the acidic hydrogenolysis of alkyl halides and alcohols 

in the presence of NaI (reactions (75) - (78)) [708,709] . Na[HCOO] may also act 

as a reductant for ArBr in the presence of [Pd(PPh,) qC1,J and a phase 

transfer catalyst C7201 . 

H+ 
ROH 1 ’ RI 

r- 

RI + Pt(II1 F RPt(IW1 

RPt(IV)I + I- - [RPt III) I - 

CRPt(II)]- t H+ 7 RH + 

Hydride is the source of the 

(75) 

(76) 

+ I2 
(77) 

Pt (II) (78) 

new hydrogen atom in the hydrogenolysis of 

ally1 derivatives, reactions (79) and (80) probably proceeding uta IT-ally1 

complexes 17 11,7 121 . 

OCOCH3 
I Bu,SnH 

ArCH=CH-CH-R 
5 

> ArCH=CHCH2R 

R = H, CN or Ph 
CPd Wh,) 4l 

L.i EBHEt 31 
E- CH3 (CH2) 6CH-CHCH20Ph p> 

Cpd (PPh,) J 
CH3 (CH2) 6CH-CHCH3 

mainly H 

1.9.7 ALLyLtc substttutton 

(79) 

(80) 

Once again the uses of the palladium(O) catalysed nucleophilic 

substitution of ally1 derivatives have been prominent in synthetic reactions. 

A timely review focusses particularly on the factors determining 

regioselectivity of attack on the palladium ally1 intermediates C7133. In the 
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presence of CPd(PPh3) 41 the anion of 

various ally1 derivatives, CH2=CHCH2X, 

X - OPh > OCOCH3 > OH C714,7151. 

1 -methyl- 1 -nitroethane reacts with 

reactivities being in the order 

Two cyclisation reactions are worthy of note. (319) cyclises to the Spiro 

compound, (320) , a precursor of dehydrohistrionicotoxin C7161 . Cyclisation of 

(3211, in the presence of a chiral palladium complex, gives the six-membered 

ring (322) (in contrast to many 

eight-membered ring products) in up 

0COCH3 

Ph 

(319) 

earlier reactions which gave predominently 

to 48 % enantiomer excess [71n. 

[Ri (PPh3161 , 

Pd(OCOCH& 
, 

(3211 ti -Me 

0 

(3221 

Organometallic nucleophiles have also been prominent; both reactions 

(81) C718] and (821 C7191 proceed with excellent stereoselectivity. With an 

spoxide as the substrate the stereochemical integrity of the nucleophile is 

maintained, but both product regioisomers were formed in reaction (83) (7201 . 

X = Cl, OCOCH3, OAlMe2, OPO(OEtJ2, 0SiMe3 or 0SiMe2CMe3 
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OMe 
Br& m [Pd(doo$], 

COOEt t B+Sn 

PPh3 

OMe 

r :OOE t 

2 R2 

Y 

+ mO [Pd(PPhj)41 ) 

B(CH KH+l(CH3&)2 

(83? 

Reaction of potassium enoxyborates (from potassium enolates and Et3B) 

with ally1 derivatives gives a-allylated ketones with retention of enolate 

regiochemistry and ally1 geometry (reaction (84)) C7211 . 

U 
t , _ m (84) 

Cl 

Ally1 silanes may act as precursors to ally1 complexes, the reaction 

being enantiospeoific for chiral silanes E722J . 

1.9.8 Ortdslttve coupLG~g of hydmcarbms 

Oxidative coupling of hydrocarbons in the presence of palladium(II) has 

been reviewed c7231. Both 2,2’ - and 2,3 ’ -isomers of bis Cthiophene) are 

obtained vta electrophilic addition of Pd(I1) to the heterocyclic ring 17241 . 
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Palladium(H) catalysed oxidation of arenes by Tl(OCOCF3) 3 gives high 

selectivity for Fa-coupling 17253 and Na2CS2081 /02 may also be used as an 

oxidant [7263 . 

1.9.9 CoupLtng of carlxmtons tieh haLtdes 

Again this year the range of organometals and substrates used in 

palladium catalysed couplings has been wide. Heteroaromatic halides are 

substituted by (323) in excellent yield in the presence of CPd(dppb) Cl21 17273 

and vinyl iodides react readily with Me3SiCH2MgCl 

[Pd (PPh3)J as catalyst [7283 . Vinyl tellnrides are also 

maintenance of stereochemistry is somewhat variable [7291. 

or Me3SiCH2ZnCl using 

substituted, but 

Asymmetric coupling 

of both Grignard reagents and organozinc compounds with vinyl halidus in the 

presence of palladium complexes of ferrocenyl aminophosphines has been 

reviewed C7303 . 

MgBr 

023) 

Reactions of zinc derivatives of enol ethers were reported previously, 

and this process has now been extended to use allenic compounds (reaction 

(85)) [731]. The catalysed reaction of zinc compounds with acyl halides has 

bben extended to include Raformatsky reagents [7321. Allenes are obtained in 

reaction (86) from organozinc halides and epoxides bsaring an acetylenic 

group; the product is used in a synthesis of a metabolite from the fungus 

Cortt7wCLus berkecrtffyanus [7333 . 
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OMe . J 
‘\LnCl 

+ ArI w’“, >=‘=(oMe 
R R Ar 

H30 + 

> 

- Ar (85) 

R 

I-- OH 
Me3SI--r--- &z ---Ez== 

The range of tin containing nucleophiles has been extended to include 

Bu3SnNEt2, an NEt2 group being transferred in coupling with ArBr in the 

presence of Cpd Cp (2-methylphenyl) 33 2C121 [734] . 

Two reactions of alkynyl copper compounds formed tn sttu are reported. 

In one the substrate is an aryl halide (reaction (87)) [735], whilst the 

other, more unusually, employs an allenyl bromide which reacts without 

rearrangement (reaction 

vinyl iodide (reaction 

purity (98.9 %I [737J _ 

(88)) [736] . A vinyl copper compound is coupled to a 

(89)) to give a product with excellent stereoisomeric 

I [Pd(PPh$&l 
$9’ t R-s T 

Cul 

A 

(87) 
n= 3or4 
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R’ H 

CHBr 
[Pd(PPh$41 

+ R-- A 
GUI R2 

)_-c 

N 
\ 

70-94% R 

(88) 

ccl + I_ 
(c H2)4M e KH214Me 

(89) 

1.9.10 Ottgomertsatton and telomertsatton 

Both CPd (dmso) $2’,J and K CPd (dmso) Cl31 supported on silica catalyse 

athene dimerisation [738] . Propene dimerisation was also stndied 17391. 

Na2 Cpd (4 -Ph2PC6H4S03) 2C12J catalyses chloroprene emuision polymerisation to 

give soluble tram - 1,4 polychloroprene E7403 . 

Oligomtiation of butadiene in the presence of 

Pd(OCOCH3)2/Et3N/Et3P/HCOOH gives 1,7-octadiene and 1,6-octadiene in the ratio 

93:6. The highest selectivity is obtained for R3P:Pd > 1 for R = alkyl C7411. 

Reaction of butadiene with Et2NH in the presence of CPt (PPh3)2C121/Tfah 

gives the linear octadienylamine in quantitative yield (reaction (90)) . 

Epd(PPh3)43 is a less satisfactory catalyst, giving a lower yield and a 

mixture of butenylamine products C7421. Telomerisation of isoprene with phenol 

[7433 or amines [744] gives a complex mixture of products in the presence of 

palladium complexes. 

P--@ 
Pt (PPh,),C~2 1 

+ EtzNH p 
T FAH 100’10 

WNEt, (90) 
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1.9.11 Other coupLtng reacttons 

Once again, the work of Heck’s group has been prominent in adding to the 

range of coupling reactions of vinyl halides catalysed by palladium complexes. 

Some applications, both from these workers and others, are shown in Scheme 20 

c745 - 7483 . 

[(R3P)2Pd(OCOCH3;2] 
Br -I- fiCOOMe 

Et3N 

> FCOOMe 

E,E:E,Z> 20:1 

-=, J+ 
P(Z-MeC6H4)3 

5 O/o 

Scheme 20 Heck reactions of vinyl halides C745-7481 



Some rclatcd rcactionr involve coupling of aryl halides with 

for example (911. The mechanism involves formation of ArPdX, 

addition across the carbon-carbon double bond and HPdX elimination 

Phi + Ph&R KPh3P)2 Pd(OCOCH3)21 

phYr 
Ph 

An analogous initial step is invoked in reactions (92) 

c750,7511. 

163 

alkenes , 

followed by 

r7491 . 

(91) 

and (93) 

(92) 

+ Ph- Br [W (PPh&l 

K[OCOCH31 
f Ph-s 

80’ 8hr 

Zntramolecu~ar coupling of an aryl halide to an arene occurs in reaction 

(94) C7521 . If one regards silicon as a metal, coupling of 
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vinyltrimethylsilane with aryl halides to yield styrene has features in common 

with the reactions of Grignard reagents, but the two are probably not 

mechanistically related C7531 . 

RIO2 
Na2KO31, dma 

R 

(94) 

The coupling of reaction (95) follows a somewhat unusual course, 

yielding a cyclopropane . In the intermediate, (3241, stereoelectronic 

considerations do not allow any easy p-hydride elimination E7541. Another 

unusual reaction involves (325) ; yields are low but the process requires the 

addition of a C-I bond, activated only by an adjacent carbonyl, to Pd(O) 

c7551 . 

R- 
Br 

+ [Pd(PPh3141 + K[OCOCH31 I__$ R-PdoCoCH3 
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-_LJ l iW (PPh3141 

Some further data on the reaction of palladium trimethylene methane 

complexes with alkenes bearing electron withdrawing groups are reported C7561. 

An apparent 2n + 2n cycloaddition in the presence of [Pd(MeCN)2ClZ] followed 

by loss of Me3COH yields (327) from (326). Thermolysis in the absence of 

catalyst yields only (328) C7573 . 

+ 
o--_-o 

+ 

(326) 

i 

A 

[(MeCN I2 Pd CL21 
) 

A 

+ 
0 

+ 
0 lx 0 

(327) 

+ 
0 0 

+ 
0 x 

+ 

(3281 

Other reports of couplings are more scattered and less general. 

Treatment of to&al allenes, R1R2C-C-CH 2’ with BnLi presumably gives a 

metallated derivative, which reacts with vinyl halides, R3X, in the presence 

of Pd(0) to give R1R2C=C-CHR3 17581. Ferrocenyl mercury compounds are 

oxidatively coupled with acrylonitrile in the presence of L.i2@dC14] [759] . 

Diaryliodonium salts, [ CRC6H4) 213 X, give biaryls in the presence of 



166 

Zn/ CPd 6ux.c~ J , yields being excellent 17603. Treatment of ArCHCl2 with 

[(ClMe2Si) 21 gives reactions (96) or (97) depending on the molar ratios C’7611. 

ArCHCl2 + [ (ClMe2Si) 2l 
CPd (PPh$ 41 

>1/2ArCH=CHAr + 2Me2SiC12 (96) 

ArCHC12 + l/2 I (ClMe2SiI 21 
CPd IpPh3) J 

? V2ArCHClCHClAr + Me2SiC12 (97) 

Treatment of (3a9) with Pd(OCOCH312 under N2 gives a range of products, 

all of which derive from a single electron transfer from palladium to give an 

aryl radical cation, which dimerises with varying regioselectivity 17621 . 

NM@* 

I 
Me 

o- 0 
Pd (OCOCH3)2 

R 
NaOCOCH3 

Me 

Reaction of athene with aroyl halides gives both decarbonylation and 

coupling to give styrenes (18-60 X) and stilbenes g-45 %I [7631. Acyl oxygen 

fission and phenylation of (330) gives (331) as the main product. Addition of 

Na [OCOCH,] increases the yield, and if benzoquinone is added as a reoxidant, 

the reaction becomes catalytic in pafladium C7641 . 
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0 

A cy-4 -f- Ph 

W(OCOCF3)2 

TFAH 

(3301 (3311 

1.9.12 Other reacttons catuLusad by paZLadtum and pLatttnum compLexes. 

Dehydrogenation of N- hydroxy compounds R1 CH2NR (OH1 R2 to 

RICH-N+(R2) -O- occurs in the presence of palladium complexes, and R’NHOH 

is coupled, with H2 and H20 loss, to R’N+(O-)-NR1 C7651. 

Photolysis of hexane in the presence of H2EPtC161 yields a platinumCI1) 

hexene complex, formed vtaa o-hexyl PtEIW intermediate 17661. 

Dehydrodimerisation of B5Hg in the presence of PtBr2 gives Cl :2’ (B5H812J in 92 

A yield without 1: l’- or 2:2’ -isomers; the reaction mechanism is unknown 

E7671 . Dehydrohalogenation of chloroalkenes occurs in the presence of 

supported palladium complex catalysts 17681 . 

Reactions of tributyltin enolates (formed tn sttu from enol ethanoates 

and BugSnOble) with vinyl halibs are catalysed by 

CPd CP (2- methylphenyl) 3I 2C121 , yidding ally1 ketones in moderate yields 

(reaction (98)) [769] . Coupling also occurs with aryl halides, providing a 

route for efficient a-phenylation of ketones C7701 . 

1) Bu3snOMe 

2) R4 R% =CR’Br 

[Pd (P(4-MeCgH&I2CI21 

+ 6u3SnBr 

Fluoride ion is known to have a high affinity for silicon, and is often 

nsed for the regeneration of enolates from silyl en01 ethers. Treatment of 
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(3321 with Bu3SnP gives desilylation , but the presence of 

[Pd {P (2-methylphenyl) 3) 2C121 considerably acoelerates the reaction, which is 

very selective for the unhindered site [7711 . Silyl en01 ethers are among the 

products of reaction (99)) which proceeds uta palladium oxallyls C7721 . 

_,,Le3 Bu$nF 
> 

OSiMe3 
[Pd(P( 2-MeC6H4)3)2 Cl2 J 

(332) 

w .--..*” %(CH2)/ Y 
OSiMe3 

PhJJ Br 
+ Me3SiSiMe3 

[ Pd(PPh3)41 
3 

0 

Ph A 

OSiMe3 

+ A Ph \ 

36 “lo 64 “lo 

Substitution of heterocyclic halides by [CNJ - is facilitated by the 

presence of [Pd(PPh3)4] [7733 

The synthesis of triflnoromethyl substituted dihydrouracils such as 

033) is catalysed in rather variable yield by [Pd(PPh,),C121 [7741 . 

N,N-Dimethyl uracil is readily nitrated by NalIN021 in the presence of 

Pd(OCOCH3)2 [7751. 

CF3 

+ RNHCONHR’ 

Br 

R’ 

1333) 

(99) 

Reaction of diethylzinc with benzaldehyde in the presence of chiral 
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palladium complexes of camphorquinone dioxime gives 1-phenyl- I-propanol in 

40-60 X enantiomer excess C7761. 

A significant paper from Baeckvall’s group gives further details of the 

palladium (II) catalysed acetoxylation of dienes . Both cts- and 

trane-1,4diethanoates may be obtained from cyclic dienes by altering Cl- and 

CCH,COOl- concentrations. With moderately increased chloride ion concentration 

cts- 1,4-chloroathanoates are formed C7771. 

The reaction between Ph3P and styrene in the presence of Pd(OCOCH313 is 

a complex one, yielding stilbene, PhCH-CHOCOCH3, Ph3POOH, PhPO (OH) 3, 

H3P04 and Ph3P-0. A new mechanism is proposed for this process, involving a 

cyclic mechanism for C-P cleavage in the coordination sphere of palladium 

c7783 . 

The role of palladium in the curious conversion of (334) to (33s is 

unknown [7791 . 

Ph 

Si Me2R 

dm 

Et3N 

(3341 (3351 

Finally, palladium complexes of dppm are more active than their Ph3P or 

analogues in catalysis of the reaction of CO3 and BtOH in the presence of 

to yield CH4 and HCOOEt C5711. 

1.10 NON STOICHEIOMETRIC, BINARY AND TERNARY COMPOUNDS 

Pd6P dissolves hydrogen to from an interstitial solution with 

composition Pd6PH0. 15 at 1 atm . , 298 K. The hydrogen solubility follows 

Sieverts’s Law at low H2 concentration, showing that H2 dissociates in the 

lattice C7801 . 
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The mixed valence compounds, MPt306 CM = 

am isostructural , containing a rigid framework 

Mn, Co, Zn or lvfg) 

of planar @to43 and 

octahedral fPt06) groups with disordered cations. The EPtO43 units are stacked 

with one-dimensional Pt-Pt interactions; NiPt306 is more distorted c7811. Bulk 

magnetic susceptibility measurements show magnetic coupling along the linear 

arrays. Electrical conductivity is also along the CPtO41 stacks E7821 . 

taPd3S4 is prepared from its elements at 1125 K. X-ray powder and 

neutron powder data suggest that it conforms with the ideal NaPt304 structural 

type _ A model involving mare earthIII1) Pd(II) 3S4 t e-1 is invoked to explain 

the observation of metallic conductivity for the pressed powder of this first 

example of a metallic platinum bronze C7831 _ 

The structure of ternary alloys MPdS, (M = rare earth) have been 

studied. Those with M = Ho, Er, Tm, Lu and SC all have the Fe2P structure 

C7841 . 

The compounds PrPt2 and other PrX2 species all crystallise in the MgCu2 

structure. There are eight Pr3’ ions per unit cell, occupying cubic sites in a 

diamond lattice surrounded by platinum tetrahedra [78S] _ 

Stellae quadrangulae is the term proposed for a tetrahedron with a cap 

on every face, or a central tetrahedron sharing all faces with tetrahedra. 

X-ray data on GegNa6Ptg show that platinum atoms occupy the capping sites 

[7861. 

The spillover of isocyanate surface species on Pt/Si02 was studied by IR 

spectroscopy, showing that NC0 migrates from Pt to Si [7871. 
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