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Whilst being essentially a continuation of the series of reviews of 

palladium and platinum coordination chemistry written by Professor Hartley, 

there must be a certain change of style and emphasis as a result of the change 

of author. In particular, a new section is devoted to the applications of 

palladium and platinum complexes in catalytic reactions. 

The review covers mainly the papers recorded in Chemical Abstracts 

between Volume 95, issue 19 and Volume 97, issue 20, as well as the 1982 

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

although most of the papers covered were published in 1982, many from 1981 are 

also included, together with some earlier work which has been slow to reach 

Chemical Abstracts. It is encouraging and interesting to note the increasing 

number of reports emerging from laboratories in the People's Republic of 

China, and it is to be hoped that translations will become available so as to 

make this material more accessible to Western readers. 

During the period covered two reviews of the inorganic chemistry of the 

platinum group metals have appeared El,21 and oxidative addition in the 

coordination chemistry of these elements has also been cctnprehensively 

discussed [33. 

5.1PALLADKuM(Vr) 

A phase of composition Pd(W6) is formed on treatment of Pd3U with 

fluorine, the reaction being used in a determination of the standard heat of 

formation of Pd3U [4]. No papers on platinum(VI), palladium(V) or platinum(V) 

have appeared in the last year. 
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5.2 PALLADIuM(IV PL&TINUM(IV) 

5.2.1 comptexes wttll Group VEI donor LtganQs 

The structures of the ccmplexes Cs2[PtF6] and Rb2[FtF6] have been 

determined by X-ray crystallography [S]. Ligand field absorption and emission 

bands due to the t 
2g 

- eg transitions for [PtF,]'- and analogueshavebeen 

reviewed 163. 

The [PtC1,1*- anion has been shown to be a regular octahedron in the 

X-ray crystallographic determination of the structure of [Ph4As]2[PtC16] 173. 

The temperature dependence of the 35Cl NQR spectrum of [Ne4N],[PtCl,] 

shcws the phase transitions previously discerned by DIR [S]. Proton Tls shov 

similar effects, with four phases clearly discriminated. The phase changes are 

related to the freezing of the rotational or reorientational freedom of 

[=$I+ PI. 

The IR and mman Spectra of [PhNR3]2[PtC16] and [PhCIi2NH3]2[Ptc16] are 

describable as the sum of tvm fragments [lo]. The frequencies, widths and 

integral intensities of the IR bands of K2[PtC16_nBrn] in an inert 

polyethylene matrix have been determined [U], and [PdCl,]*- and [PdBr,]*- are 

included in a theoretical study of vibrational mdes [12]. The frequencies and 

normal vibration shapes have been calculated for cts- and tram-isomers of 

[Ptcl,(oR)4]*-, [Ptcl4(oR)*]2- and [Ptc13(oH)3]2- and deuterated analogues 

c131. The X-ray crystallographic structure and vibrational spectra of 

cts,cts,trans-[Pt(N33)2(CH)2C12] have been determined [ 141. 

The two photon excitation spectra of a d-d transition in a transition 

metal ccmplex has been measured for the first time on a single Crystal of 

K,[PtCl,]j the data suggest alternative assignments for the one photon results 

[15]. The electronic etructure of [PtC16_nRrn]2- as determined by the t43LCAC 

nrethcd is in agreemmt with experimental absorption spectral data 1163. The 

XPR spectrum of Re4+ in single crystals of [NR4],[PtC16] at frequencies near 
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10 GEiz was reported 1173. 

The complexes [PtC16_n5rn]2- (n = l-5) may be separated by ion exchange 

chromatography on diethylaminoethyl cellulose, but separation of stereoisomers 

for n = 2,3 or 4 was not possible. The Warm-effect of bromine allows the 

synthesis of pure cts- and tratts-isomers with better stereoselectivity than 

for Re, 0s or Ir analogues [18]. The heterogeneous reaction of [PtC16J2- with 

Ln203.2E20 has been studied [19]. Various aspects of the solution chemistry of 

palladium(IV) and platinum(IV) chloro complexes have been reviewed [20-223. 

The temperature dependence of the heat capacity and the halogen NQR 

spectrum in K2[PtBr6] have been measured. An anomaly in the heat capacity is 

noted at the transition point at 169 K 1231. The bromine NQR of the cubic 

phase provides indirect evidence for the formation of dynamic clusters of the 

low synmetry phase, before the rotative type phase transitions to tetragonal 

structures 1241. The species Cs2[K16] (W - Pd or Pt) are prepared by heating 

acidic solutions of [nC16J2- with an excess of CsI. Both crystallise in the 

cubic K2[PtCls] structure and full X-ray data are available for Cs,[PtI6] 

1251. 

5.2.2 CompLexes wtth G?oup VI Ucmor Ltgands 

The structures of the complexes [NH4]2[Pt(OH)6] and K2[Pt(OH)6J are 

similar but [NH,]+ is hydrogen bonded to three oxygen nearest neighbours 

whilst potassium is nine-coordinated by oxygen 1261. M[Pd(OH)6] (M = Ca, SK or 

Ba) may be prepared from Na2[Pd(OH)6] and KK2. They were charactorised by IR 

spectroscopy and thermal decomposition to MPd03 [27]. 

The complex ~ts,tr~ns-[Pt(~~)~(OH)~(CB2CC00)~)] may be prepared either 

from K2[PtC14] and the d&odium salt of malonic acid, or by analogous 

treatment of cts-[(NEi,),Pt(NO,),]. In both this and the l,Z+diaminoethane 

analogue the platinum has octahedral coordination and the three-dimensional 

structure is maintained by hydrogen bonding [23,29]. 
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The Ig5Pt chemical shift anisotropy in the eolid complexes 

C(Me3Pt{aCaC))21 and C(Me,Pt)21[S04] ha8 been memuredt lg5Pt relaxation 

parameters are strongly field dependent [30]. lg5 Pt NM2 spectroscopywas also 

used to determine the barrier to ring inversion (51 kJ mol-1) in 

w41*CPt(s5 ),I 1311. 

Platinunb(IV) may be reduced by phosphorus(I) according to reactions 

(l-S), the initial product being a platinum(III) species [32]. 

HP(OEi)d + [PtC15(0tI)]z-j[Em(o-)-O-PtC15]3- 

Ho- . 
[IiP(o-)-O-Ptc15]3----+ 

SlOW 
ElP(o-)-o + [Ptc15(ofr)]3- 

. 
HP(o-)10 

[Ptc15(oIi)]2- + 
+ pP(o-)=o + [Ptc15(oe)]3- 

+ HO- 
HP(O_)-o ____) EP03El 

[Ptc15(05)13--+ [PtC15(08)lt + [PtC15(oEI)12~ 

(1) 

(2) 

(3) 

(4) 

(5) 

5.2.3 CompLexes wtth mixed Group VX/Group V donor ttgatuls 

The solid state reaction betwe!en B12[PtC14] (M - IC or 554) and glycine is 

different from the solution reaction. The products identified were 

IPt(H+L-)2~HL)2c12~C12r (1) (fI+%- is the glycine zwitterion aud EIL is the 

neutral molecule) and [Pt(B+L-)(5L)2(L-)C1]C12, (2) (L- is the glycine anion) 

of unspecified stereochemistry. On heating, (1) loses EC1 to give (2) by ring 

closure [33]. 

A number of platinum(IV) complexas of iminodiacetic acid (Ii2L) have been 

repo*ed. Reaction of Ii2L with R2[PtC15] gives K[PtIC13] in which L is 

tridentate and the coordinated carboxyl groups are trans in an octahedral 

CCDplaX. K2[PtC14(05)2] yields (3) and [Pt(NH3)2C12(08)2] gives (4). In a 

similar manner [Pt(N53)2C12(No3)2] is converted to (5). The structure8 of 
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(3). (4) and (5) bmre assigned on the basis of their rR spectra and 

potentiometric titrations (341. 

CL 
OH ,CH;! COO - 

X 1 ,NH 
‘Pt 

-CH,COOH 

XI 1 1NH_-CH2COO- 
OH ‘CH,COOH 

(3; x - Cl) 

(4; x= m31 

Whilst the edtaH4 

pl.atinum(IV) had been less 

with molecular chlorine 

Cl 4, NH3 

H3N, 1 --NH-CH2COO- 

NH ‘CH2COOH 

i\ 
HOOCCH2 CH,COO- 

(5) 

complexes of platinum(I1) are well known those of 

thoroughly studied. Oxidation of [PtII(edtaR*)] 

gives a pale yellow precipitate of [Pt(edtaH2)Cl,J. 

This initially formed isomer, (6), is converted on standing to (7) and on 

heating in water to (8). [Pt(edtzlHq)C12j is oxidised by E202 to (9) which 

undergoes two successive ring closures to give (8) [35]. 

Cl 
/I\ /CH,COOH 

Olpt/N f-420 

,C HzCOOH 

0’ ‘N ) 
+ ‘CH2COOH 

_) > 

‘CHy3lOH 

Cl 

Ct 

(8) 
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(9) 

N,N*-Rthylenediaxinediacetic acid fonue both bi- and tridentate 

ccmplexern with platinux(IV). Bi- and tridentate binding could be distinguished 

by IR spectroscopy and potentiometric titration, but coordination geanetry is 

not specified 136,371 

octahedral coxplexes, CPtL2Cl21, have 

N-+methylphenacylidene anthranllic acid and 

aminophenol~ coordination of L is through the 

deprotonated phenol 1383. 

been prepared with HL- 

N-4+ethylphenacylidene-2- 

azomethine nitrogen and 

Oxidation of [Pt(LR2)C12] or [Pt(M)Cl] (LB = glycylnuzthionine or 

alehylmethionine) gave [Pt(LR2)Cls] and [Pt(LW)C13]. In the latter canplex LR 

acts a# a tridentate ligand, bonding through amino and peptide nitrogen8 end 

eulphur 1391. 

5.2.4 ConpLexes wtth Group V UORO~ ttgands 

The etructure of [(WR3),Pt(jMIR2)2Pt(WEi3)4]c16 has been determined in 

the solid state arxl by l5 N NHR spectroscopy in solution. Deprotonation give6 

aucceesively C(~3)gpt(~~2)(~~)pt(N83)435+. 

[(WW~),P~(~-WR)~P~(WW~)~]* and finally, (10). With KWE2 thie dicationic 
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complex yields K,t(Na,)(~2),Pt(~--Na),Pt(NHz)3(Nn3 )I [Ml. Heating the 

complexes trans-[Pt(tVR3)2LZC12] (L = primary or secondary amine) gives 

[PtL'2Cl2] (L' = L or NIi3), the ligand lost 

platinum nitrogen bond [41]. Thermolysis of 

(X = Cl or Br) and an analogous reaction 

Br), 6-nitrobenzimidazole (X = Cl), 

depending on the strength of the 

[imidIi],[PtX,] gives [Pt(imid)2X4] 

is observed for BzimidR (X - Cl or 

1,2_dimethylbenzimidazole or 

5,6-dimethylbenzimidazole (X = Br). however, the 6-nitrobenzimidaeole salt (X 

= Br) and the dimethyl compounds (X = Cl) yield [PtL2X2] [42]. 

cts-[r4e2Pt(PEt3)21 reacts with nitrogen oxide to yield 

[!4e2Pt(N02)2(PEt3)2] and N20. The product was characterised by X-ray 

diffraction showing truns-phosphines, cts-methyls and ccs-No2 groups [43]. The 

system [PtCl,J*-/Elr-/NO,- was studied by 
195 Pt NMR spectroscopy. h total of 56 

species are possible and all but 9 were observed. 6( lg5Pt) for the unknowns 

may be predicted and lJPt-N is strongly dependent on the Wane-ligand [44]. 

Platinum(IV) complexes of adenine (II) and guanine (12) have been 

synthesised. [Pt(adenine)3C13]C1.51i20 and [Pt(g~anine)~Cl3]Cl have the 

nucleoside bonded through N(7) and the chlorines are mer. Neither the NR2 nor 

the OR group is involved in bonding. In [Pt2(adenine-H)(Ei20)2C17].H20, 

deprotonated adenine bridges two platinum(IV) centres, bonding through N(3) 

and N(9), whilst in [Pt(guanineHc)C15].B20 guahine is protonated at N(1) and 

bonded through N(7) [45]. 

. 

(ll; Rl s NR2, R2 - R) 
8 

(12: R1 2 *Ox&R =NR 2) 

IWen)21232/As2161 h- been shown to have trms-iodides in an 

octahedral cation (461. Factor analysis may be used to resolve the overlapping 

XPES data obtained in the X-ray induced transformation of [Pt(en)2(OR)2fC12 to 
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CPWen),cl,l 1471. 

Complexes of the type [L][ PtC13X2] (L is a monoprotonated diamine such 

as nicotine, 3-aminmthylpyridine or B-aminoquinuclidene; X - Cl or OE) were 

formed by oxidation of [L][PtC13], and tested for their effect against murine 

leukemic cells, L1210 [48]. Complexes of (13a) and (13b) were characterised by 

NMR spectroscopy and TGA [49]. The tetradentate ligand, ethylene dibiguanide 

(laai R = H) 

(Mb; R-W) 

(H4BL forms a complex of formula CWH4B)C12 I’=,. presumably with 

tram-halides [50]. The synthesis of [Pt(TRP)X2] ia reported, but unlike the 

platinWI1) analogue it does not show strong phosphorescence [al]. 

Oxidation of [R,N][PdLX3] by halogens gives [R4NICpdlx51r ligands, L 

included py, Me_,N, Pr3P, Et,PhP, EtaA% !4e2s and Me2Se. Similarly, 

trcms-[PdL2x2] gives tram-[PdL2x4]. Few palladium(IV) cmplexes of neutral 

unidentate ligands have previously been reported and they are generally less 

stable than platinum(IV) analogues as a consequence of the greater ionisation 

potential [52]. (14) was prepared by successive treatment of cts-[PtMe2L2] (L 

= AsMe*Ph) with xylylene dibramide and dppm and was characterieed by X-ray 

diffraction [53]. 

K2*2 
and K2PtAs2 are prepared from the elements and are isotypic with 

x2PdAs2 1541. 
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a r-,, ,a- 
f%,,, p t +” ‘h,, 

, ,,,,qt< 

I 
p hpP~PPh2 

(14) 

OMe 

(15) 

5.2.5 CompLexes wtth Group IV donur ttgunds 

may be prepared in high yield by ultra-violet irradiation of 

solutions containing cyanide ion end (PIzX~]~- (X = Cl, Br, I, SCN or OH) [SSJ. 

Oxidation of trans-~Pt(CN)2(R2NB)2] with Cl 2 Or Br2 gives 

tr~h~,trUhS,tratW-[Pt(CN)~(R2NS)~X~]. iiydrogen peroxide give8 an analogous 

reaction yielding truns,truns,truns-[Pt(CN)2( R2NB)2(OH)2]. The platinux(IV) 

halide complexes are reduced to platinum(I1) species on irradiation but the 

hydroxide reacts with water to yield [Pt(CR)2(Fi20)2(R2NB)2]2+ 1563. A range of 

platinum(I1) complexes has been oxidieed by ICR to give species such aa 

rPt(~3)2v=)311 and Cw~~2pwIC12 [571. 

The oxidation of [Pt(CO)C12]- to [Pt(CO)C15]- has previously been 

reported. If the oxidation is carried out in SOC12, c(~2~)2mpwwc151 
-1 may be isolated; the carbohyl stretching frequency, 2191 cm , is the highest 

so fax recorded 1581. Addition of R5SnB in methanol to [Pt(C0,)(SEt2)(PBt,)] 

gives a platinux(IV) complex, the structure, (lfi), of which was determined 

cryxtallographically [SS]. 
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5.3 PALIADIUW AND PLATINUM COWPLXXES WIT5 WIXED (IV/II) OXIDATION STATES 

Reviews of mixed valence chemistry and one-dismnsionally ordered 

metallic complexes have been published G60-621. The products of oxidation of 

[Pt(CJH3)4][PtCl4] (Wagnus Green) with molecular oxygen in Hz504 have long been 

controversial. Treatment of the products with XBr give8 

CPt(WH3)43CPt(@JH3 )qBr21C-J4, an analogue of Reihlen'e Green. Both this 1633 

and [Pt(NH3)4][Pt(NH3)4Cl2][H504]4 t64-661 were characterised in detail. The 

Pt(IV)-Br distance is short cospared with anionic linear chain compounds aud 

the mine groups attatched to successive platinum8 are eclipsed. Pesonance 

Reman spectra have been important in studies of these and many analogous 

Specie8 [65]; the spectra are characterised by long progressions ill u 1' the 

totally symmetrical axial stretching mode. The electronic, Rsmn and Resonance 

Rsman spectra of M2[PtLX3][PtLX5J (M = X or NE4; L - NH3 or py; X = Cl, Br or 

I) are repcrted and it is concluded that metal ion valence6 are slightly more 

delocalised in anionic chain complexes than in cationic ones [67]. The 

structure of K2[Pt(py)Brg][Pt(py)Br5].2t120 has been determined 1683. 

Wescnance Raman spectrahave also played an important pa& in the study 

of [Pt(dismine)2][Pt(diamine)2Br2]Br2 (diamine - H2N(CH2)nNH2, where n = 2,3,4 

or 5). Analogous complexes are formed by 1,2-diarninccyclohexsne and 

1,2-diaminoqclopentanene the conformational isomsrs have different 

intervalence band maxima, and the Pt( II)-Pt(m) distance is affected by steric 

factors associated with the ambe ligands [69]. A new typs of one4imsnsional 

compound of formula [Pt(en)(py)2][Pt(en)(py)C13]C13.3.5H20 is synthesised on 

treatment of mer-[Pt(en)(py)C13]Cl with an excess of pyridine [70]. Purther 

extension of the range of such compounds is provided by the thicamide 

complexes [Pt2L4C16] (L - tu, thiocaprolactam, mimidine-P-thione or 

2-imidasoline thione) 171,721. X-ray diffraction studies Of 

C~(en)21C~(en)2C121CC~0414 also show one-dimsns ional ordering with 

non-syamnetric chlorine bridges [73]. 
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KPKS has established the presence of Pt(IV) in K2CWCN)4(Br)0 31.3R20 

at 153 K; a ground state model with 0.85 Pt(I1) + 0.15 Pt(IV) is proposed with 

Pt(II1) being important in the excited state [74]. Crystals of K2[Pt(CN)6] 

doped with [Pt(CN)4]'- show an absorption band at 337 nm assigned to the mixed 

valence trmtiion from Pt(I1) to E-t(W) [75]. In a simL2ar system, the room 

temperature polarized reflectance spectrum of the potassium deficient chain, 

Kl ,5[Pt(CN)4].1.5Ei20 was studied 1761. . 

The planar anions in Lie 75 . [Pt(mnt)3] have been shown to stack face to 

face along the c-axis with direct eclipsing [77]. The electrical conduction 

properties of the complex have been studied in detail and the conduction 

pathway cannot be formed solely by the overlap of the 5dZ2 orbitals of 

platinum [78]. By contrast, the oxalate ligands in NiC 85[Pt(C204)2].6H20, 

ns o 8,[Pt(C,04),].5.3E120 and co0 83[Pt(C204)2].6H20 are staggered by about . 

550 [79]. 

More reports on plat%n= blues have appeared. C~.S-[P~(NH~)~C~~] in 

phosphate buffer is oxidised to a '*phosphate blue" which is similar to the 

amide blues. Two structures, (16) and (171, were proposed for the blue 

paramagnetic solid, Hn[Pt(NB3))2(W4)].0.5H20 (rt < l), and from concentrated 

solutions a white solid, H[Pt(NH3)2(P04)], was also obtained [SO]. 

Cts-dienraine platinum a-pyrrolidone tan is a structural analogue of the 

platinum blues; the average oxidation state of platinum is 2.25 compared with 

2 .O in the related green complex EPt,(Hn,)8(C4H8~)414+, and the Pt-Pt 

distance in these complexes is largely dependent on the oxidation state [sl]. 

Detailed study of the preparation of platinum thymine blue reveals that more 

than one blue compcund is formed and that white compounds account for 10-30~ 

of the total products. One of the white compounds is cts-[Pt(NHj)2( thymine 

monoanion) where one thymine monoanion is coordinated through N(1) and the 

other through N(3) [ez]. Reaction of L-glutamine with Kg[PtC14] gives a blue 

complex or a green/white canrplex, both of which give analyses close to PtL3 (L 

is glutamine monoanion). The blue complex is pammagnetic and the green/white 
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H3N\pl /* \/O 
H3N’ 1 \4/‘,0 
H3N\st /* 

\ A-0 
HaN’ --b/p\0 

(17) 

OM is diamagnetic. In both, IR epectroacom indicate6 

anion is metal coordinated [aa]. Platinum blues have 

containing uracil (le) and l-methyluracil, (19) [84,05] 

(18)R = H 

*@‘NY (19) R - Me 

I 
R 

that the carboxylate 

al8o been prepared 

Reaction of H$P=1,1 with CPd(@JR,),]Cl, gives the comp1= 

CPt(~3)4C~plWC141 (051. Thermlysis of ~w(~3)411~c~s1 yielas 

tag, tra~-[=( NH3 p21 P-w MS ,p41 and further heating givea 

tram-[Pd(NH3)ZC12] and trans-[Pt(NH3)2C14] C871. 
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5.4 PALIADIUM(III) AND PLRTINUM(IfI) 

A range of 

crystallography, 

Caaplex 

units have now been fully characterieed by X-ray 

and the results are sumar ised below. 

0 

r(P+Pt)/(A) Ref. 

Na2f=p( m4 ),( H2’J j2 I 2.486 1881 

K2 C=$ so4 I,( ~JMO j2 1 2.491 II891 

K4CPt2G’,o,H2 j4C12 1 2.69 IT901 

wm, )zwC4~4~)2~m3 ),wwJ,1, 2.603 (X = NO 2 ) c911 

2.575 (X = NO3) [911 

Electronic considerations suggest that Pt(III)-Pt(III) should be shorter 

than Pt(II)-Pt(II), and complexes with four bridging ligands have shorter 

metal metal bonds than those with only two. Some additional studies are 

reported involving the dioxygen complexes, K2W'W2 )2W’4)2(“2W21 and 

K[Pt2(02)2(SCJ4)(OH)(H20)3] 1921. FPR studies of the blue ccdnplex formed by 

successive treatment of K2[PtC14] with I-methylnieotinamide and guanosine 

suggests that its structure involves one Pt(III) and three or faux Pt(I1) 

centres [SS]. 

Photolysis of M2[PtCl6] in the charge transfer or ligand field band 

region gives a Pt(fII) complex as the primary product. The fate of this 

transient depends on the solvent, with reversion to starting material or 

further reduction to Pt(fi) being the major pathways. POY example, 

pt(r4eoH)c15~*- gives [Ptc14]2- and 'CH20ri, the further reactions of 

were studied 194,951. 

Reaction of [Pt(NH,)4]2+ with hydroxyl radical, generated by 

which 

pulse 

itradiation with high energy electrons, gives the Pt(II1) complex, 

Pw~3)4(~20w8)12+. the fate of which depends on the pH of the solution. 

The mechanisms of the subsequent reactions are very similar to those reported 

last year for [Pt(en)2(0H)12+ [%]. Photolysis of [M(mnt)212- (M = Ni, Pd, Pt, 
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Co or 0.1) gives a metal(rr1) ccmplex [97]. 

5.5 PAmADIum(fI) AND PLATfNulqII) 

5.5.1 ColnpbexeS wtth Group VII &nor ztgcltkls 

Solutions of palladium(11) in a eutectic mixture of scdium and caeeium 

chlorides have been studied [99]. The best resolution in the electronic 

spectrum is obtained at low temperature [99,100]. phase diagrams have been 

constructed for the system6 SeOC12/PdC12 [loll and AgCl/PdCl, [102]. CaPdF+ is 

diamagnetic with a tetragonal structure whilst CdPdP4 has a cubic Cap2 

structure and is antiferromagnetic. The high pressure form of wP2 is isotypic 

with HgPdP4 [103]. [PdklX ] (X-CL Bror I)ie synthesised frompaxZ and 28 

A12Xs [lo41 and the structure of the chloride (2O)has been detemined [105]. 

Cl, /Cl, 
Al 

/Cl, 

CY 
/Pd 

,Cl 

'Cl' 
Al 

'Cl 'Cl 

Wmoretical studies involving [PtC14]2- have been published. me 

vibronic theoEy of static mutual influence of ligands was reviewed [106]and 

the mutual ligand effect in [PtC13Lln* (L - Cl, NH3, CC, X20 or CN) was 

treated by perturbation theory and the CZJDO nmthcd [107]. Oscillator strengths 

of the syrmetry forbidden transitions of [PdC14]2- were calculated by a method 

based on evaluation of the molecular orbitals of the distorted ion [lOS]. The 

relaxation energy, EP, during ionisation of the valence electrons of [PdL4] 

was also calculated, and used to interpret X-ray emission spectra [109]. 

(20) 

The kinetic8 of [PtC14]2- aquation have ehoun the reaction to he mainly 

a dissociative process, and solvent and nucleophile effect8 were studied 

[ilo]. me reaction of PdC12 with trimthylemine yields 

[Me3XE]2[PdC14][Ne3NEf]C1 [ill]. The reduction of [PdCl,12- by carbon mmxide 



18 accelerated by the presence of w(I), the critical species being the 

bridged complex (21) [112-J. 

Cl Pd f-K CUCl 
3 \Cl/ 

The electronic spectrum of K2[PtC14] in powder form has been 

inveetigated [113]. 

The effect of palladium complexes [W(amf),C12] and K2[W4] on the 

catalytic deposition of copper on plastic surfaces has been studied 11141. 

5.5.2 Complexes wtth Group VI donor Ltgonds 

5.5.2.1 Un6dentate oxygen donor Ltgands 

The electronic structures of PdO, PtO, PdS and PtS have been calculated 

11151. PdO dissolves in the Xi02 lattice, and X-ray phase analysis, MA, KPR 

and conductivity studies all indicate a palladium-titanium interaction [116]. 

Purther studies of the reaction of La2(C204)3 with [Pd(dmg),J in 

dioxygm have lead to the isolation of LazPd04, as well as the known La4Pd0, 

and La2PdO 5 [117]. PdB204 has a structure isotypical with CUB204 [llS]. A new 

high-yielding synthesis of a wide range of platinum bronzes, MxPt304, (M = Li, 

Na, W. ca, 2% Cd, Co or Ni) from Pt02 and metal nitrates or fluorides is 

reported, and KPES confirms that platinum is in oxidation state +2 [119]. 

-4' of cubic structure, is obtained frcan PdC12 and K3P04 in a potassium 

chloride melt at 800 OC [HO]. The solid solution Pd2CcnW6/ba2KgPso6 has been 

studied [121]. 

Elydroxo ccmplsxes of the platinum metals 

particular reference to the factors affecting 

[122]. A method of preparation of a stock solution 

have been reviewed with 

bridging and polymerisation 

Of rpt(H20)412+ is reposed 
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[123]; lg5 pt NMR spectroscopy of the 18 0 lahelled ion shows that all four 

water molecules em&awe slowly [124]. Reaction of palladium metal with 121 

nitric acid gives solid [Pd(N03)2(H20)2] which "ages" in air by stepwise 

hydrolysis and loss of nitric acid [125]. 

CPt(OOCC=P3)2(COC=3)( RCoCWe3j21 is prepared f= C(nbd)Pt(CCCCF3)21 sod 

is used for selective oxidation of l-alkenes to methyl ketones [126]. An 

analogous family of complexes, [ ( R3P)p( Rx)ooR’ 1, where the metal is palladium 

or platinum, R’ is H or CMe3 and Rx is an activated alkyl such as CF3CH2, are 

prepared by reaction of [(R3P)2W(Rx)OE] with R'OOL?. They sot as oxygen 

transfex agents to Ph3P, benzaldehyde, carbonmonoxide and nitrogenoxide 

[127]. Zerovalent ooqplexes such as [Pt(PPh3)4] react with PhCO3CMe3 to give 

CPt(PPh3)2(OC=h)21: [Pt(PPh3)2(ocWe3)(OCOPh)] is the intermdiate proposed 

but definitive evidence for its presence is lacking [128]. 

Extraction of palladium(II) from nitrate solutions is accomplished by 

tributyl phosphate, the complexes extracted being [Pd(N0,)2(OE2)2(OP(ORu}3)2] 

in tetraohlorometahane, and [Pd(NO3)2(OP[OBu}3)2] in decene [129,130]. 

Platinmn and iridium are separated by extraction from 0.5-l It hydroohloric 

acid by 2-nonylpyridine-N*xide [131]. Other oomplexes of platinura(I1) with 

aromatic N-oxides are reported [132]. 

Reaction of (C!F3)2N-O)' with CPt( pPh3 ),I yields C(eh,P)2WCW~312)21 

and analogous species are obtained from cts-[PtL2C12J and Eg(OW(CF3}2)2 1133). 

Molecular bromine acts as reductant towards c8,[Pd(30,F),], yielding 

Cs,[Pd(SO,P),] and Br503F. In contrast to other reported palladium(I1) 

fluorosulphato derivatives, which a.re six coordinate with 503F behaving as a 

waek field Hgand, this produot has square planar geomatry and is diamagnetic. 

Wreakpent with FlS03F gives Pd(503F)2 [134]. 

5.5.2.2 Btdentato and mul+ttdentate ox&wn donor 7.tgonds 

Further studies of the reactions of bis(p-diketonato) oomplexee with 

nucleophiles are reported. With methanol and Pd(hfaoac)2 the bridged complex 
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(22) is formed, its structure being detemined by X-ray diffraction [135J. 

The saw complex gives [PdL4][hfacac]2 with a range of Lewis bases, L, and 

the structure of [Pd(+chloropyridine)4][hfacac]2 was determined. The PdN4 

(22) 

core is square planar with oxygen atom@ from hfacac in the axial sites [136]. 

Aniline8 react to give [W( hfacac)(hfacac-C3)L], [Fd(hfacac)L2][hfacac] and/or 

[PaL,J[hfacac]2 depending on the molar ratio. The ease of displacement of 

miketonates to the outer sphere depends on their basicity, with the leas 

basic ones being displaced mcst easily. Complexes such as (23) were also 

prepared in syn- and an*&forms [137]. Treatment of [Pd( acac)2] with one 

equivalent of Et2NP gives (24) as confirmed by am X-ray diffraction study 

(24) 

[Ias]. Compazable species are reported with 3- and 4-picoline 11391. 
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Bis(l-(Z-thienyl)-4,4,~triflwrobutan%l,3~ionate)palladium(II) 

([Pd(thttfao$J) also reacts with nitrogen bases to gfve complexes of the type 

[Pd(thttfac)(bipy)][thttfac] and [Pd(4+thylpy~idine)~][thttfac]2 [140]. 

?&actions of S-dIJcetonato complexes with phonphinea provide a similar 

wealth of products with differing coordination modes, and a particularly 

thorough study is reported this year (Scheme 1). In contrast to the analogous 

reaction8 with amines, (27) is eufficiently stable to be characterised. The 

effect of metal, phosphine, and p-diketonate are discuseed. Fomation of 

(3o)is favoured for palladium whereas (27) and (28) are more ccmwnly found in 

the platinum series. Less basic Pd+ketones such as [tfacac]- and [hfacac]- 

stabilise O-unidentate complexes whilst carbon bonding is favoured for 

[acac]-. The steric bulk of the phoephine is crucial~ P(l-t~lyl)~ with a cone 

angle of 194*, gives only (?I), PPh3 (cone angle 1450) gives (27), (29) and 

(30) and PMe2Ph and dppe (cone angle8 122* and 125O) give the fully 

substituted (31) 11411. Example8 of the class of adducts (27) formed from 

Pd(hfacac)2 and PAr3 shm fluxional behaviour in their NM2 spectra8 all the 

cF3 groups becoms equivalent at a rate which depends on the phosphine bulk. 

The solid state structure is a distorted sguare pyramid with one of the 

p-diketonate groups "semi+helatingW [142]. 

LTnsymmtrical S-diketonates present more complex possibilities. 

[Pd(tfacac)2] was previously reported to have tram-stereochemistry but is 

aotually a 3:l trans:cts mixture. Reaction with P(2-tolyl)3 give8 

[Pd(tfacac)(tfacac-O)(P{2-tolylJ3)] as a 5:l mixture of (33) and (34) [143]. 

The presence of cts- and trcms- isomsrs in the B-diketonato complexes formed on 

reaction of K2[PtPs] with EIL (HL = tfaoack (CEi3)3CCOCH2CCCF3, PhCOCH2COCR3 or 

PhCOCH2COCP3) was confirmed [144]. The 195 Pt NH2 epectnm of [Pt(acac)2] in 

the presence of [Pr(fod)3] was reported [145]. 

Both palladium and platinum oomplexes of Aliearin red S, (35), have been 

isolated. They are efficient catalysts for hydrogenation of alkenes, alkynes 

and nitroarenes [145], and for reductive asination of aldehydes [147]. 
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(25) 

R3P\ / cc-b R3f’ 

QL__Y 

/“\pR, - 

(28) 

:” \M/PR 3 
.i 

0’ 0 

xi--- 

’ 

(30) 

R3P 

(27) 
n 

1 

PR3 

(29 

2 

(31) 

Scheme 1 Reaction of bis(~iJcetonato) ccmqlexes with phosphines [141] 
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R OH OH R 
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Oxidation of [Pt(PPh3)4] with a bis(nitroso) compound yields the 

platinum(II) coupler, (36), which shows fluxional behaviour in its NWR 

spectrum [148]. The chelate complex (37) is synthesized in analogous manner 

and may be reversibly oxidised to the stable mono- and diphenoxy radicals 

[149]. 

(CH2),,C02N 

0 

(38) 

I 
CH2CH2NHzHBr 

m 

0- 

(CH&CONHCHzCH2 
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Platinum catechol coxplelces (38) react with amino 

to give species such as (4D); these are chemically rather 

eubtstituted steroid8 

stable and may be 

useful for cancer chemotherapeutic studies [X0]. Palladiux(I1) gives a highly 

coloured 1:l ccmplex of unmpecified structure with 5,5'-u@thylene disalicylic 

acid, which xay be used to determine palladiux(II) in concentrations as lcru as 

2-9 ppn [I%]. 

Dioxygen ccxplexes 

I(Ph3P)2PW2)l reacts 

to give, respectively, 

Trifluoroethanoic anhydride reacts with palladium metal at low temperature to 

give an anhytlride complex (41) which, on warming, yields Pd(OCOCP3)2 11541. 

y=20, (n 

650 OC, contain 

any einl.i1a.rity to 

of the platinum metals have been reviewed [152]. 

with benzil and benzoic anhydride by oxygen insertion 

benzoic anhydride and dibensoyl peroxide [153]. 

= Li or Na), synthesised fKlm PdC12 or PdO with ME12P04 at 

the ion [P207J4-, but diffraction studies failed to confirm 

K2NiP 0 2 ,, K2cdp20, or K2m20, El551. 

CPt(~,),(~,)Cl]~~41 sr@ tew~3)2w3~p~l are prepared by 

abstraction of chloride ion fram [( R3Pg2PtC12] with 55P4 or CP2502H 

respectively. The tetraflucraborate react8 with the hydrogencarbonate ion to 

give (42) [156]. 

/O-Aclo 
(R3P)2Pt,o/ 
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5.5.2.3 AmMdentate qgen-sutpnut donor Ltgands 

In PWbmso)412+t two sulphur and two oxygen atoms are normally metal 

bound, but the ratio between O- and S-bonding is solvent dependent. Addition 

of 1,2--diaminocyclohexane (dac) gives cts-[Pt(dac)(dms0)2]~+ in which both 

dmso molecules are S-bonded. It is more water soluble and less toxic than 

CW3 )2PtC12 1 and hafl similar therapeutic activity [L57]. 

I WA 00 Cl, I* 1 with dms0 or diethylsulphoxide 

cts[Pt(CO)(sUlphoxide)C12] [158]. The cts-effect of the sulphoxide 

the rate of substitution of halide in [Pt(en)LX] (X = Cl or BY) was 

be in the order L = dmso > Me2S 5 Et2S0 > Et2S > Pr2SO > Pr2S 11591. 

Treating 

gives 

Ligand on 

found to 

[(Cts-(rac-c~s-l,2-bis(~enylsulphinyl))ethene)PtCl2] is synthesised by 

treatment of X2[PtC14] with the ligand [160]; X-ray diffraction confirms that 

only SulphUr is metal bound and that there is no interaction of platinum with 

the n-bond [161]. 

Trans-[Pt(PPh3)2(02SR)C1] has sulphur bonded to platinum and 

desulphonated only at high temperature. Tceatmeht with ag' does not lead 

migration of R to platinum but to formation of (43) 11621. 

is 

to 

The kinetics of the reaction of platinum(II) with unithiol, (U), were 

studied but the structure of the product was not reported [163]. 

5.5.2.4 BCdentate qgen-suLphur donor Ctgands 

Chelating monothio-miketonato complexes, (Xb2], have been prepared for 

a range of ligands including (4B), (46) and (477) [164-1663. Por the complexes 
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of (46) dipole molmnt measurements indicate a cts-gecmetry. 

[(Cfi3C(S)rcBC(0)CE3)zPU] react6 with phenyl 1 'eocyanate to give complexes such 

69 (48) 11671. 

Pd 

Raaction of mnothiocarboxylate (49) with PdBt2 gives a complex the 

structure of which is postulated to be (50) [MS]. The complexes CptL2(OH)*], 

[PtL2C12], [PdL2C14] and [PdL2J where L U (51)have been reported. They exist 

aa &s/tram mixtures in solution [169]. Calculations have been performed on 

the vititation frequencies of (52) and its ttum-iacx~r [ 1701. 
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(51) (52) 

5.5.2.5 Ambtdentdte a+ygen-nttrogen &nor Ltgands 

A range of biri(oxaxide oxime) complexes of platinum with varying degrees 

of deprotonation are reported. (53) and (54) are centrosymmtric, whereas (55) 

is not, but all crystallise in a stacked structure. The adduct of (54) with 

7,7,8,8-tetracyanoquinodithanide ha8 cations and anions forming separate, 

regular, parallel staclw with hydrogen bonds between them [L71]. The oxalyl 

chloride oxide analogue (56) has also been studied hy x-ray diffraction; the 

interplatinum distance in the eta&a is smaller in thie case [172]. 

Reaction of [Pd(dmg),] with [A1( o-C5He2)2] yields (57) and the analogous 

complexes of 2-hydroxyacetophenone oxime derivatives give (58). Roth products 

are extremely moisture sensitive and easily hydrolysed [173]. The spectra of 

some sin@e bis(a-dioxime) complexes of nickel, palladium and platinum have 

been studied [X74]. 

Although oximes are formally ambidentate ligands, coordination to 

palladium or platinum through oxygen is, in practice, uncombm. An example is 

provided by the palladium complex, PdL2 where EIL is (59)(R = H). fn this 

species one of the ligande is coordinated through the imine nitrogen and the 

OXhI omen whilst the other binds through the imine nitrogen and the 

nitrogen of the nitroeo tauiomer. Bohr R = alkyl. binding follows the mDre 

conventional form, involving the nitrogen atoms of both oxiape and imine 11751. 

Complexes of palladium(II) with gallacetophenone oxime arc? reported to 

be unusually stable 1176). Platinvm(I1) complexes of MeONR2 and MeNXOEi were 
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studied by '?I NHR spe&roscopy [177]. 

o\ P 
H..’ 

(53) 

0 0 
‘Ha- - 

(55) 

0, -p\ 
l-l’ H 

(56) 

(5-7) 
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0 N 
/R 

Ph 
R 

‘OH 

(59) 

5.5.2.6 Btdentats and mutttdentats qgen-nttrogen donor LCgands 

Treatment of rpwyJwyw3)*c121 with hydroxyl ion induces 

cyclisation to a bia(N-0 chelated) compound. With weaker bases cyclisation is 

unsuccessful [176]. An X-ray diffraction study of K[Pd(HCnZ2cEr2N(~2cOO)2)Br] 

shows khatpalladiumhas square planar coordination with nitrogen tram to 

bromine and two ionised ca.rboxyl groups also coordinated [179). 

A range of Schiff base complexes have also been studied. A 1:2 palladium 

complex is formed from (60), with coordination through the imino nitrogen and 

the deprotonated phenolic OH [lea]. Analogous palladium chelates of 

HO 
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Iv-(eulphophenyl)sal&ylaldiminee are active for oligcmrirration of 

2-methyl-3-butyn-2-01 in the presence of triphenyl phosphine [ml]. me two 

tautcmers (61) and (62) are not eeparable, but their cxmplexss with palladium 

may be separated by theSr di.fferential volubility in bensene. The camplex of 

(61) exists a# the dimer (63), whilst (64) is in equUibrium with a 

six-coordinated form(64a); this closely parallels the bshaviour pmvioumly 

noted for the furan analogue [182]. 

HO 

(61) 

HO 

(62) 

(63) 
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164) 

The palladium coordination chemistry of (65a) reveals a strong 

preference for N20z wer 04 coordination, although both isomers may be 

isolated. With (6!3b) only the N202 coordinated isomer is formed [183]. The 

lrn” N 

cd Ia 
R 

Ph 

0 

2 N 

N k 

(6%; R=Ph) 

(6!%jR=CMe 3) (66) 

thermal stability and volatility of complexes of tetradentate Schiff bases of 

this type is higher than that of 

stereochemistry of the four coordinate 

[les]. 

bidentate analogues [184]. The 

palladium complex of (66) is unknown 

The reaction of WC13 with semicarbaside (HL) gives [PdL3); binding is 

probably through NH3 and the deprotonated oxygen of the imino tautomer. The 

absence of a dipole moment suggests trans-StereochemiskY [186]. 

Other ligands capable of multidentate coordination continue to be 
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developed. The thiosemicarbaxide of 3-hydroxy-2-mphthaldehyde acts as a 

tridentate ligahd towards platinum in (67) [187], whilst five donor sites are 

used to coordinate to two 

(67) 

palladium atoms in (66) [me]. 

(69) 

N,N*-hifl(bonaamido)acetylacetonedii acts as a tetradentate ligand, giving 

a complex assigned the structure, (69) [169]* Tetradentate 

bi.s(salFcyllidene)1,2-di~inoethane palladium ahd platinum camplexee axe foxmd 

on heating the Salts [E,L][ttCl,] at 175-165 Oc [lso]. 

Ph 

\ 
Ph 

(69) 

A number of bidentate N,C+dotwr ligands are provided by heterocyclic 

amine8 bearing a suitably poaitiohed phenolic OR group. Both (70) and (71) 

bind as N,O-chelates to palladium(II) and platinux(II), but the 

stereochemistry of the complexes is not reported [191,192]. The sodium salt of 

+nmthyl-a-hydroxypyridine (mhpNa) reacts with palladium acetate to give 

Na2[Pd(rahp)20Ac] which, in methanol, is converted to IW,(~~P)~I s X-ray 
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diffraction shcws that each palladium has crans-square planar coordination and 

that the Pd2 unit is tetra-bridged by the mbp ligands. The Pd-Pd distance is 

short but there is no direct Pa-W bond; in [Pd,]* both bonding and 

antibonding orbitals are completely filled and the complex is diamagnetic 

[193]. 

(70) (71) 

3-(3-tolyl)asoacetoacetone is reported to form two complnxes, [&ML,] and 

[PdL3]. These have differing crystalline form, and in the case of [PdL_,], a 

somewhat dubious oxidation state [194]. The kinetics of substitution at 

l-(Z-hydroxyphenyl)-3,5_diphenylformazanato palladium(IL) complexes, (72), are 

reported; pyridine is a better leaving group than ammonia, due to difrerence 

in base strength, and the results are very similar to those reported for the 

platinum analogue [195]. 

(72; L = w ox m3) 

2,5-Diphenyloxasole generally binds through nitrogen whilst 

2,5-dirnethylbenzoxasole (Me2BO) is usually a uumodentate oxygen ligand. 

Howwer, in [Pd(Me2BO)(SCN)2]2 both the nitrogen and the oxygen of the ligand 

are palladium bound as it acts as a bridge between the two palladium atoms 
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X-ray diffraction studies show that in bis(2-acetaukdopyridirte)pall&iium 

(73) coordination is through the pyridine nitrogen and oxygen, with the amide 

nitrogen deprotonated but not rmtal bound [197]. Reaction of [(NX3)2PtC12J 

Nx-3\ ,NQ 
f3 NiPd\o$ 

\/I 
(73) 

with Idlethylhydantoin gives CPt2(~3)g(l~thylhyd~to~)2]2C~31qr the 

structure of which was detemined crystallographically. The bridging 

hydantoins are bound in a head to tail manner with a Pt-Pt distance 

considerably longer than in the a-pyridone analogue. Treatment with El202 gives 

a blue-green pammagnetic species , a mixed valence platinum blue [198]. 

Reaction of cw~),l with hydrazine-N,N-diacetic acid (Ei2L) gives 

trane-(Pd(HL)2].4H20 in which HL is coordinated through the amino group and 

the deprotonated car-late. EIowever, treatment with K2[m4] (W = W 

= Cl or Br) yields trons-[~(EazL)2X2].2H20 in which only the amino 

metal bound. The acidity of B2L is increased on coordination [LSS]. 

or Ptj X 

group is 

Treatment of cts-[(NH3)2Pt(NOj),] with perchloric acid gives the trimer 

(741, which may be compared with the analogue in which the NH3 groups are 

replaced by loo2 C2@Jl. K-ray diffraction shows dietoz-ted square planar 

coordination about pa1IadWu in (75) [201]. 

5.5.2.7 Bhlentate mqgen-phosphorus donor LtganUs 

[PhPCH2coO]- acts as a bWentate O,P-donor ligand in (76); the molecules 

are linked into chains by hydrogen bonds between ethanoin acid and ethanoate 

ligandl3 [2023. 
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5.5.2.8 Vnhtdentate sutphur donor L6ganaS 

Treatment of B~[P+G(CN)~].~H~O with A2S gives BaPt2S3; X-ray diffraction 

shows that each platinum is coordinated by four sulphur atoms, with two edges 

and one corner of the sulphur tetrahedra shared [203]. 

Palladium(I1) is extracted successfully from HCl solution by Pr2S and 

dihexyl sulphide [zO4]. The acid base properties of [P~(oH~)~(SR~)~] have been 

studied [205J. The electronic structures of [PtC12(OEI2)L] (L = Me2S, dmso, tu 

or NEI3) have been investigated by CNDO methods, again with reference to their 

acidities [206]. Cts- and tram-forms of [Pt(NX3)2LCl]+ (L = w2s, &us0 or 

C2H4) may be distinguished by their polarographic behawiour [207J. 

The tendency of palladium and platinum to bind to the soft sulphur 

centre in potentially ambidentate ligands is further demonstrated by the 

coordination chemstry of (77)+ 1:l and z:l complexes were characterised, and 
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there was no evidence for oxygen binding [209), A wide range of complexes 

(77) 

[L,MX,] of phenothiazine, (79), and analoguer such as (79) and (eo), has been 

synthesised, lthough the repotis are somewhat at variance a8 to the 

stereoohemietry of the products. All the ligands are bound through sulphur (or 

(781 R - H) (79) (90) 

(92; R = CRzcB(M)Ivrme2Cl) 

selenium) and unambiguous structural data are available for 

cts-[Pt(79)2ClpJ'meau and [Pd(9l)ClJ, which has a hydrogen bond between 

coordinated chlorine and the side chain 2963 2 group [209]. Oxidation of 

fran8-[(phenothiaeine)2PtC12] with molecular iodine gives 

trcms-[phanothiazine]2[PtC121~]; XPES shows that this is best characterised as 

platinum(~) derivative and that the ligand has been oxidised to the 

corresponding cation radical [210]. 

Binding of [PtC14]2- end ct~-[(NH9)~PtCl~] to methionine-65 of 

cytochrame C was investigated by 'R NbR spectroscopy. Only a emall 

modi,fication occurs on binding, in contrast to carboxymthylation, 

tuna 

loCal 

which 

involves far reaching stmxzturel changfm [211]. 9othpalladiumandplatinum 

complexes inhibit the Ca2+/Mg2' dependent ATPase of rabbit skeletal muscle 

sarooplamnic reticulum by interacting with a thiol group on the enzyme. The 

effect is enhanced by the presence of albumen [212]. 
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5.5.1.9 Rtdentate and mutttdentate sutphur donor ttgands 

Rsporte of complexes of bidentate thioethers have been aormwhat more 

sparse than in previous years. WC12 react0 with 

4,7,13,16-tetraoxa-l,lO-dithiacyclooctadecane, L, to give [PdIC12], in which 

the lfgand coordinate8 only through the aulphur atoma 12131. Reaction of 

[NR,],[Pt(S,),] with triphewlphosphine gives [(Ph3P)2PtS4J. The first x-ray 

diffraction etudy on a complex of. this type showed 

alternation in S-S bond lengths, in contrast to 3WS4 or 

PdC12 reacts with S4N4, (82) is obtained among other 

distance (2.921 %) is rather short (2153. 

that there was no 

WS4 rings [214]. When 

products; the Pd-Pd 

j+N 
N I \ c 

Interest in dithiolate camplexes haa been laaintained. The photochemistry 

of [M(S C R ) I2 (H = Ni, 2222 Pd or pt, R= CN, z - 2- and M = Ni or Pt, R = Ph. z 

- 0) has been studied. Oxidation of the ligande rather than the metal occurs 

on irradiation between 300 and 350 nm in chloroform [2L6]. Tlw EPR of Co(fI) 

doped in [(1,eb~(dimsthyldaai~)beneene)*32[Pt(mnt)2] shows well rewolved 

hyperfine structure [217]. 

A number of complexee of dithjooxamide derivatives (IZi2, (83)) have been 

characterised. [M(LH)2] (M - Ni, Pd or pt) was obtained from I?+ and LR2 in 

alcohol [219, 2191. In acidic solution [M(LR2)2]X2, (94), was the stable 

product [22OJ. [Pd(RCSRRCSNRR~)2J has also been characterised [221]. 

Ris(6-quinoline dithiocarboxylates) and bie(2-methyl-3-indole 

dithiocarboxylates) of palladium and platinum have been charactertied [222, 
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2231. 

Interest in dithiocarboxamide complexes hap ala0 continued. 

[Pd(s,crret,)(PR2)CL] and [Pt( s2cmt,)(PR3)C1] are ~nnarW.c and square planar. 

Snlutlon t4m spectra imply that there ie a eubetantial barrier to C-N rotation 

[224], *her@ is, hawever, no sign of cts/frans-ieomeriam in complexes of (65) 

[225]. An extensive study of the reactions of [Pt(S2CNR2)2] with phofqhine 

is reported. m&dative addition of Ph2P(S)H gives (86) 

give the eolvent complex, (87). In pure, dry methanol 

oxides and sulphides 

which lose8 R2RCS28 to 

THCS; ,s\ PPh;, 
R2N \ 

1 /s 
/Pf\ )N 

S I S 

R2 --+ R2N < \pt’ 
s/ blvent 

Ph2PS 

(55) (86) (87) 

the sole product ia (ES), which was characteriaed by X-ray diffraction, and in 

which the counterion ia derived frcm decomposition of R2NCS2H. Rxceas Ph2P(S)H 

or less pure solvents give more varied products. Under these conditions 

cPd(S2C=t2)2] gives a mixture of uws2~2)(s~2)12 (60%) and 

[Et2RH2][B3(S2C262t2)(SPPh2)2] (20%), whilst reaction of Ph2P(.Se)R with the 

platinum canpl?x gives only (69), in good yield [226]. Treatment with trialkyl 

phoephines gives a new class of compounds, exemplified by (SU), in which X-ray 
r 
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diffraction shows one of the sulphur containing ligandu to hc? nemi-chelating, 

Addition of further phosphine gives an equilibrium involving specie8 such as 

(91) and (92) [227]. 

-. 
.Pt-PR, 

S’J 
S 

NMe2 

(89) 

(91) (92) 

Comp'lexos of [PhP(OEt)S2]- with bivalent nickel, palladium and platinum 

crysLallise as trans-products with square planar S4 coordination, but 

isomerise in solution to give roughly equal amounts of cts- and truns-isomers. 

The isomerisation mechanism involves solvent amisLed M-S dissociation [228]. 

An X-ray diffraction study of [Pt(S2P(OCEiMe2)2)2] is reported [229]. 

(Pd(S2C202 ),I*- forms 1:l and 281 adducts with stannic chloride1 the RPR of 
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the ohe electron reduction product is reported. [Pt(s*c*o2)*]*- shars no 

reduction above -2 V but in the presence of one equivalent of SnClq there ie a 

reversible reduction at -1.5 V, and with two equivalents reveraihle reductions 

at -.15 and - .S4 V 12301. 

IPWPh3)31 reacts with (93) by cleaving the eulphur sulphur bond to 

yield (94), which is also synthesised from K2[PtC14] and the dian+on of 

PhC(S)CEMeCS2H [231]. 

Ph + [(Ph$‘)3 Pt] - >\ / Pt(PPh& 

S 

(93) (94) 

5.5.2.10 Ambtdentate suLphur-nttrogen domr Ltgamls 

Earlier reports on the linkage ieamerism in 

[Pd(5-nitro_l,l+phen)(SCN)2] were contradictory, with one group implying two 

nitrogen donors and auother one nitrogen and one sulphur. careful studies have 

now shown 

isolatedby 

(%n = 2093 

di-S-bonded 

state gives 

that if the oompxex in prepared in dmf at mom temperature and 

pouring into cold ethanol, the yellow di-N-bonded isaoer is fommd 

on-l). Kowever, a preparation in ethanol at 60 OC gives the orange 

isomer (v ua 
= 2122 cm-'). Heating the Wbonded isomer in the solid 

irreversible isomerisation to the S-bonded compound 12321. 

Thenaolysis of [Pt(dppe)2][Pt(SCN)4] yields [Pt(dpps)(S01)2] in which 

thiocyanate ia s-bonded. An ZWilocJVUS reeult is obtained with the 

[Pt(KtSCE2CH2NE2)2]2+ salt. However, with ligands with a weaker 

trana-effect, such as ammbnis or pyri.dine, [Pt2L3(SCN)4] is obtained, 

in which SCN is bridging [233]. Reaction of 

cts-[(lphenyl-3,4-dimethylphoaphole)2PdC12] with SCN- gives a 
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etructure for ~Pd2(cI-L)4c141 (L = N,N'-dicyclohex@thiourea) SomewhELt 

Surprising (2421. 

A number of platinum complexes of N-methyl-@-ethyl thiocarbamate (mtc) 

including eta- and trans-[Pt(mtc)2X,_], [Pt(mt~)~X~] and [Pt(mt~)~X2] have been 

Prepared- In all cases the ligand is S-coordinated. Roth cts- and 

truns-[Pt(mtc)2X2] give a mul+.iRpeoif?a equilibrium in benzene (reaction (6)) 

[243]. 

2[Pt(mtc)2C12]B C~@w3c~*l + cw~c)clql (6) 

!Fhe thionic (C=S) rather than thiolic (C+R) coordination of 

2-mercaptothiazoline (96)to palladium is similar to that reported earlier for 

platinum 17443. 2-IUrcaptobenzothiazole may be used in extraction of 

platinum(I1) into chloroform from 1 II El; the structure of the 112 extracted 

complex is not. reportedbutiap~swnably similar to those ofmercaptothiamole 

[245]. 

SH 

5.5.2.11 BWentate and muZttdentate suLphur nttmgen donor Ltgands 

'l%a Rulphus nitrogen macrocycle (97) acts as a tetradentate ligand 

towarda pallsdim. In solution two major stereo isomers are observed, differing 

in configuration at nitrogen, but only one i-x is present in the solid 

state [2461. 

Thiosemice_rbezides bind to palladium and platinum through sulphur and 

nitrogen donor atoms, Lorming 5-nuxnbered chelate rings (99) [247,249]. The one 

mp-mk of N,N-bidentate binding is at variance with the IR spectra of the 

complexes [249]. The contribution of thiono and thiolo tautomers seemstovary 

with the ligand [250], and in only one group of complexes, 

trcns-[M(RE12NHc(S)RR2)X2] (M - W or Pt; X - Cl., Br OY I) was the 



stereochemistry assigned [251]. Complexes of thiohydrazides such as 

[Pd(RR2NHC(S)Ph)2], appear ta ham a related structure. 5omewhat surprisingly, 

using 2-hydrmcyphenylthiohydraxide, the hydroxyl group plays no part in metal 

coordination [252,253]. 

The preference fox the formation of 5-mmbered chalatc? rings i.s also 

shcnm in dithiocarbasato complexes. The pseudo-planar coordination about 

palladium in (99) ie considerably less distorted than in its nickel analogue 

1254). Palladium complexes of tetradentate bis(dithiocarbazate8) formed by 

reaction of R1COCDR2 and NR2NRCS2Me have also been studied 12551. 

MeS 

(99) 

Palladim(I1) and platinum(If) acetates react with L, 

1 phehyl 3 tnethyl~-4-phenylszopy~azole-5-thione (lOO), to give [ML21 in which 

the ligand is bound through sulphur and N(7) [256,257]. Complexes of 

4-amino-3,5_dimercapto-1,2,4-triazole (101) were thought to be polymeric with 
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binding through NR2 and deprotonated SE [259]. 

(100) 

N-N 

HA&H 

tiH* 

(101) 

&COOH 

(1W) 

P-Aminocyclopentene dithiocarboacylate reacts with chloroacetic acid to 

give (IOZ), which MAR JR an N,S-donor towards palladium in a complex of 

unknown stereochemistry, containing a Fi-mmbered chelate ring [259]. 

Bridged dorivativm of ieothiourea are syhthesised from [Pt(en)(SCN)2]; 

under analogous conditions species derived from monodentate amines give 

Carnpbx pclylners [260]. 

5.5.2.12 BLdentate sulqhur-phosphorus 

PnllaAium(I1) and plat.inum(II) complexes of Ph2PCH2CE12SEt and 

Ph2Pcf%2ui2sPh undergo irreversible two electron reduction [261]. 

Pfr2m2a2S( LX2 )s-2~2~2 forms a bie(palladium) complex (103)~ Pd-Cl bond 

lengths shou a stronger tram-influence for phosphorus than for sulphur [262]. 

The ligand (104), with a variety of potential binding sites, Lea&s wit;h 

[(PhM)2PdC12] to give a cmplex bcund through wlphur and phosphorus 12631. 

(103) (104) 
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5.5.2.13 Btdentate ouLphur-carbon donor Ztgands 

The ligand CR2SHe has three possible coordination modes (105a-c). X-ray 

diffraction studies of [Pd(PPh3)2(CR2Sne)][f?F6] show it to belong to 

of (105a), whilst the perchlorate, which is a less strong ion pair, 

(lCE5b) structure [264]. 

H Me 
S’ 

H k- Md MCHzSMe 

the class 

has the 

(105a) 

Ligation of R2N-C=S may occur through carbon in an ql mode, or through 

carbon and aulphur (q2). Eiowsver, there is quite a strong preference for a 

bridging mode, and this is found in (l.O6), the product of the reaction of 

[Pd(PPh3)2(sCXWu2)C1J with PdCl, 12651. 

/ 3 

5.5.2.14 SeZentum donor Ltgands 

&xction of WC1 
2 with RSeCN in MeOH/NaOAc gives a complex of 

staicheiomstry [P~(RS~CN)~~~J, which is probably dimeric or pal-ric, In 

CH2C12 monomeric [Pd(RSeCN)2C12] is obtained [266]. 
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5.5.3 CompLexes wtth amtno adds, pepttdes and nucletc adds 

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. 

5.5.3.1 Amtno actds 

Thermal analysis curves for a number of knowh palladium glycine 

complexes are reported [267]. [Pt(en)(NA2cE2C00H)Cl]Cl end 

[Pt(en)(NH2CIi2COO-)]Cl were prepared snd characterised, and the ring closure 

reaction studied potentioumtrically [266]. Reaction of [Pd(bipy)(OH2)2J2+ with 

an amino acid ester gives essentially complete formation of a chelate complex. 

A substantial (105-106-fold) acceleration is found for agueous hydrolysis in 

these complexes, in contrast to the reactions of the methyl-vteihate and 

histidihate complexes in which the carboxyl group is not metal coordinated. 

The results are caapared with the previously reported data on 

W(en)(H2NCtIRCOOR')]2+, shcrwing a small but measureable enhancement obtained 

using the bipy ligand, which is able to act as a n-acceptor 12691. 

The effect of electrostatic interactions and hydrogen bonding on 

eelectivity in formation and side chain motion in ternary bis(amino acid) 

palladium ccmplexes has been studied by CD and 13C NbIR measurements [2703. 

Bis(Phydroxy-bprolinato)palladium(II) has ccs-square-planar 

coordination on the basis of X-ray diffraction measurements 12711. The 

platinum atom in Cs[Pt(Wmethyl-L-hydroxyprolinato)C12] is also coordinated by 

nitrogen ahd carboxylate [272]. Reaction of [Pt(NH,)2(OEi2)2]2+ with erotic 

acid gives three products as yellow needles, green needles and blue 

microcrystals. The yellw and green needles appear to be essentially identical 

and to have the otructure (lG7) [273]. 

Detailed Nm spectroscopic and x-ray studies of 

cts-[Pt(S-ethylcysteine)C12] confirm the existence of two isomers differing in 



chxrality at sulphur, in both the solid state and solution. The S,N-chelate is 

in the h-conformation, as found in other metal cysteine complexes [274]. CD 

spectra of palladium(I1) complexes of D-cysteine may be used as a test for 

racemisation in a range of reactions [275]. Palladium and platinum complexes, 

c=121, of S-2-aminoethyl-L-cysteine and S-2-aminoethyl-D,Gpenicillamine 

hydrochloride have been prepared. Coordination is through sulphur and the 

amino acid DE 
2‘ but some interaction with the carbowlate group is also 

indicated [276]. Coordination of ND2 and carboxylate is proposed for cysteine 

complexes with W(phen) and Pd(bipy) but evidence for this unusual binding 

mode is weak 12771. 

K2[PdC14] reacts with (108) to give [PdDCl,], in which (108) is 

coordinated only through the NH2 group [278]. 

0 

(108; X = S or Se) 

5.5.3.2 Pepttdes 

#en palladium(Ir) reacts with gly-gly, initial coordination is thought 

to be through the amino group. Ionisation of the amid0 ND is metal induced and 

a tridentate peptide complex bound through amino, deprotonated amido, and 

carboxylate groups is formed. Some deviations from this established pattern 



are emerging. At low pH, gly-his fome (lOS), since the 3midazole ring 

provides an excellent binding site [279]. In t~~~-C~(glY~lY)2C12)l the 

H2 

peptide is monodentate, coordinating through the free amine. Judicious changee 

of pH may lead to formation of N,N- and N,O-chelatee [2@0]. Thermolysis of 

trans-[Pt(NH2(zzmmCH (C!EI,)COOEt)2]givee tram-[Pt(NEf2CBRCONB ),I es -11 eE 

ligand degradation and decarboxylation [281]. 

The interaction of [(Ntlj)2PtC12] with cysteine gives a yellow product of 

unknown structure, which contains a sulphur platinum bond. The analogoue 

reaction with glutathione is a model for protein binding and yields (110). A 

tram-bis complex may be obtained with excess ligand 12823. The interaction of 

(110) 

palladium(I1) with peptides containing S-methylcysteine gives comple%ee bound 
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through NH2, deprotonated amide and SHe donors. Binding of the eulphur atom 

gives a new chiral centre, and inversion at sulphur is slow at pH c 9. Two 

diastereomers may consequently be distinguished [283]. 

Platinum peptide complexes, [Pt(NH*CHl?CONHcHR'CCCEt)2X2] may be 

synthesised by three distinct routes. The first involves treatment of [PtX4] 
2- 

with the peptide ester, whilst the eecond uses caxbodiimide to couple 

[Pt(NH2CHRCOOH)2C12] with H2NCffRgCOOkt. A good yield is also obtained on 

treating the bis-chelate, cts-[Pt(NE12CHRC02)2] with acidic ethanol [284]. 

Texnary complexes of inosine with palladium peptide derivatives were studied 

by %i NplR spectroscopy. Rotamer fractions changed significantly on binding of 

the inosine to gly-phe and gly-asp complexes [285]. 

5.5.3.3 NucLetc actds nnd nucbeostdes 

The electronic structures of 3-methyl and g-methyl adenine 

(3+&A, 9-KeA) were explored by INDO. Binding of the 3-methyl compound 

is, as the theory predicts, through N(7), as shown in an X-ray 

diffraction study of ~ts-[E't(Nli~)~( 3-Z418A)~] 2+ [286]+ Reaction of 

cts-[Pt(NH3)2(I-m8thyl;thyminato)cl] with AgEC1041 and then 9-l&A gives four 

products, two of which can bs isolated in a pure state. As predicted by theory 

N(1) and N(7) are of similar basicity, and the products include N(1) and N(7) 

bound monomers and an N(l)-N(7) adenine bridged dimer 12873. The preparations 

of [Pt(AdH+)C13] and [Pt(Ad)(OH2)C12]H20 (Ad = adenine, (11)) are reported; in 

both cases adenine is N(7) coordinated [45]. The kinetics of the reaction of 

5'AMP with [(NH3)2PtC12] have been studied by LH NMR spectroscopy. TWo 

pathways are involved as either N( 1) or N(7) is initially coordinated to the 

metal., with subsequent reaction giving the N(l)-N(7) bridged dimer (111). By 

contrast 5'GIlP gives two rapidly interconverting rotamers with platinum bound 

to N(7) [288]. 

K2[PtC14] reacts with GMP to give [Pt(WP)C13]- and [Pt(cpIp)2CL2], with 

binding at the favoured N(7) position. 
1 
H NMR spectroscopic studies indicate 



that the conformation of the sugar ring is altered on binding to platinum 

[289]. X-ray diffraction studies are reported on bis(guanoeine) derivatives 
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of chelating diamine platinum complexes c2901 and 

cts-[Pt(NE$ ),(IV2,~-dimethy1-9-methylguanine)C1][PF6] 12911. In a 

considerable range of mixed nucleobase complexes such a8 

cis-[Pt(NH3)2(9-ethylguanine)(l-methylcytosine),][C104]2 the three dimsnsional 

structure is maintained by intra and intermolecular H-bonds [292]. Mixed 

collrplexes containing 9-ethylguanine and l-nmthylthymine anion (N(3) bouhd) 

also show N(7) binding [297]. In [Pt(guahineH+)Cl3].HeOH the binding is 

skmilar, but for [Pt(guanine-H)2C12].7H20 quanine binds as a bidentate ligand 

through N(7) and the C(6) oxygen, with chloride bridges [45]. Participation of 

the C(6) oxygen is excluded in [Pd(NH3),(dmeo)(nucl)]C12 for hue1 = inosine, 

guanosine or cytidine [293]. Further evidence for the kinetic binding of 

cts-[(NH3)2PtCl2] to DNA at N(7) of guanine with the formation of intrastrand 

dGpG crosslinks is accumulating [294,295]. 

The DNZL crosslink G[N(7)]-Pt-G[N(7)] may be modelled in complys of 

1,3,9_trimethylxanthine (1,3,9-tmx) (112). Cts-[Pt(en)(1,3,9-tmx)2]2+ was 

characterised by X-ray diffraction; N(7) is Pt-coordinated but 

there is no participation of the 6-oxo group [296]. In the Pt(en) CoaIplex 

of 7,9~i~nethylhypoxanthine, platinum is coordinated to N(1) of the ligand 

(333)~ O(6) is not coordinated but is hydrogen bonded to the nitrogen of 



(112) (113) 

en [297J. The corresponding bis(amine) complex may be compared, and is 

proposed as a model for a 5 '-IMP[(N(l)]-P-t-[N(l)]S'-IMP interaction. In this 

case N(1) is bonded as before, with the ligands in a head-to-tail arrangement. 

EIawever, the Pt-O(6) distance, 3.086 i, implies a small but significant 

interaction with oxygen in the axial direction {2983. A head-to-tail 

arrangement of ligands is also found in 

ct~[(bis(pyridin-2-yl}ethane)Pt(9-methylhypoxanthine)~]~NO3]~. Rotation about 

* 
the Pt-N(7) bond is slow on the NHR time scale, with AG N 50 kJ mol -I 12991. 

Pu*her studies of the coordination of the tautomers of uracil and 

thymine to platinum(I1) are reported. The binding modes may be distinguished 

by a combination of IR and Raman spectroscopy. Trans-[Pt(NH3)2(dmf)C1]~N03J 

reacts with potassium thyminate (X=) to give two isomers of 

truns-[Pt(NEI,),(~)cl~, bonded through N(1) and N(3) respectively. The N( 1) 

and N( 3) bound isaaers of [Pt(NEi3)3(HT)]X and [Pt(#I3)3(T)] are similarly 

differentiated. A bridged N(l)-N(3) dimer and platinum thymine blue were also 

studied [300]. Pull X-ray structural data are reported for 

[(cts-(Pt(NEI3)2)2(~-l-methylthyminato)2)~12].lOA20 [301]. 

X-ray diffraction data are reported for 

cts-[Pt(NH3)2(l-raethyluracil)2].4H20, (1-methyluracil = 1-Hew) in which N(3) 

of (114) is bonded to platinum. Reaction of this complex with copper gives 

platinum-co pper species of 1:l and 2:l stoicheiametry. In the 1:l species, 
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c~~~~(~3)2(1--neC1)2~(E20)2][~4], both -tale are sguare planar and N(3) of 

the ligand is bound to platinum, whilst O(4) is bonded to copper [302]. 

Treatment of the head-to-tail dinmr cts-[Pt2(m3)4(l-WeU)2][W03]2 with Ag[WO3] 

gives [Pt4(NH3)6(l-lMl)4Ag]5+. X-ray diffraction studies show that this 

NH;! 

the 

(115) 

contains two dimer units, bridged by a silver atom which is coordinated to the 

four O(2) atoms of l-M&I 1853. A range’of ccmplem3e of lllothylcytosine 

((115), I-HeCyt) with ((X53),$) is reported. As well as the previowly 

described 1:l colnplexes, cte-I(Na3)2Pt(952 )12+ gives dimeric, W(3)-W(4) 

bonded, complexes with deprotonated l+deCyt, and with excess ligand 

ww3 x1- j31=+ h formed. In the latter, two of the Uganda are bound 

to platinum through N(3) in a head-to-tail arrangement, allowing 

intramolecular hydrogen bonding between 0( 2) and N(4) of the nucleosides 

[303,304]. N( 3) bonding is also demonsttated in the analogous perchlorate salt 

13051. 

The stereochemistry of the canplexes, [Pdt,X,], formed from K2[mC14] 

atwl a wide range of pyrimidine bases, has 

the cytosine complex, the initially formed 

Both cts- and tram-[Pd( cytosine)2C12] 

been studied. With the exception of 

cts-isomer could hot be isolated. 

react with thiourea to give 

[Pd(tu)4C12], rendering doubtful stereochemical argumnts based on Xurnakov's 

test 13061. 

Treatment of [(amino acid)PtC13]- ccmplexea with purine and pyrimidine 

bases gives cts-[(amino acid)(nucleotide)PtC12] complexes. Menine and guanine 
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bind through N(7), cytosine and uracil through N(3), whilst hypoxanthine 

dimers of stoicheiaoetry [Pt,(alaE)(hypoacauthine)C14], bridging through 

and N(9) [3073. 

forms 

N(3) 

4-Amino-2,5_dimethylpyrimidine, (admpy, (116)), reacts with K2[PdC14] to 

yield [Pd(adspy)2C12]* NKR spectroscopic data are consistent with binding only 

at N(1) in this complex, and aleo in [Pt(adupy)C13]- and [Pd(admpy)C13]-, 

despite the steric hindrance of the methyl groups [308,309]. The preferred 

metal binding site of vitamin Bl (Th, (117)) is N(l'), but IIB metals, 

especially mercury, may bind at N(3') leaving N(1') available. Reaction of 

Zg(~)C14 with palladium(I1) gives [rigPd(Th)Cl3] vto [EgCl,Pd(Th)Cl3], but 

evidence for the precise mode of binding ia not available [310]. 

NH2 

(n6) (=7) 

The complex (+18) binds to N(7) of deoxyguanosine in poly4G-dC and 

poly-dG-dC; having only one available binding site is cannot form crosslinks. 

With binding to < 10% of the nucleotide bases the amount of ethanol needed to 

bring about the B-Z confomational transformation is considerably reduced. 

Although (118) does not bind any more effectively to the Z form, it is thought 

to stabiliee it through electronic and hydrogen bonding interactions 13111. 

5.5.3.4 Cancer chemotherapy 

Purther studies on the nature of the products of aquation of 

ots-C(~3)2PtC121 are reported [312]. The formation of 

C(~3)2Pt(HW2Pt(NB3)212+# (119), is proposed to occur before interaction 



with DNA. EXAMS spectroscopy above the Pt t3 edge was used to study the 

platinum environment in the coxplex formed from (ll9) and calf thymus DNA. !l%e 

most definitive observation was that a shoti Pt-Pt distance exists in the 

H-DNa cmnplex [313]. 

A new range of complexes of general formula [Pt(NXNFl+)C13], where NXN is 

nicotine, 3-amimcmethylpyridine, 1,2-bis(4-pyridyl)ethane or piperstine, ha8 

been tested against murine leukaemic cells w210, which ame resistant to 

[(HE3)2PtC12] [46]. cts-[(NH3)2PtC12] causes -Late end long lasting 

decreases of mitotic acyivity of Ehlich tumour cells [314]. 

5.5.4 Comptexes wtth Group V donor- Li.gan& 

5.5.4.1 Untie&ate umCne donor LtganUs 

Treatment of [W(NX,), JCl2 with potass%m iodide gives [Pd(NH3)4]16, in 

which coordination about palladium remaina strictly square planar 13153. 

Reaction of [Pt(i4H3)4J2+ with a hydrated electron gives the transitory 

platinum(I) species, [Pt(Nff3),) J+, which releases mvamia in two steps giving 

[Pt(NH3)2(O132)2]' and subsequently Colloidal platinum [316]. 

The the-1 e&ability of ~ts-[Pd(NB3)~Cl~] has been further 

investigated. Isomerisation to the trane-complex is the first ProCeSS 

abserved, followed, at 250 OC, by the irreversible formation of a new 

crystalline modification p-trane-[Pd(N83)2C12] [317]. cts-[Pt(NE13)pXY] (X - 

Cl, -, I or NO*; Y - @JO2 or Cl) is less stable to y-irradiation than the 
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trans-isomer, though both eventually decompose to platinum metal, ammonia and 

halogen [3ls]. Kinetic [319] and theoretical 13203 studies of CWNH3)2C1* 1 

(M = Pd or Pt) have also been reported. 

The hydroxc bridged complex [(NH3)2Pt(~-OK)2Pt(5H3)2]*+, has been 

studied from several viewpoints. A full normal coordinate analysis was 

performed [321], and the laser Raman spectrum of this and l*O and D-labelled 

analogues recorded [322]. =q5Pt NMR studies of c+[Pt(ND3)2(OD)2], 

’ CU’, 15N)2Pt(~-OD)2Pt(15ND3)2J2+ and the hydroxo bridged trimer, 

[Pt3(15ND3)6(~-CD)3]3+, show that changes in 15N-Pt coupling constants are 

related to trans-effects [323]. 

cts-[Pt(NH,),(NO,),] reacts with phosphoric acid 

mixture of intermediates (A), the fate of which depends 

conditions (Scheme 2). (120) and (122) are thought to 

bridging phosphate ligends [324]. 

to give a complex 

on the reaction 

be polymeric with 

Bpo 
cia-[Pt(NH,),(NO,),] &A 

II/ 

cool, A20 

IW~3)pJ 1 2 1.s75(H2P04).125 (R PO )lf120 3 4 

(-1 

A 
100-105 OC then E20, 40-50 OC 

'IPt(NH3)2(N02)1*875(H3P04) 1251 I 

t=> 

Scheme 2 Reactions of c~s-[P~(NFI~),(NO~)~] with phosphoric acid [324]. 
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IWm3)2(biw)12+ forms 1:l ccmplexes with a range of crown ethers vta 
NR3-polyether-0 hydrogen bonds, the polyether being in the second coordination 

sphere. There is achaxge transfer exchauge between the pheuyl rings of 

dibenm-la-crm-6 and the aromatic rings of the bipy ligend 13251. 

Cyclopropylamine reacts with K2[PtC14] under carefully controlled 

conditions to give cts-[PtL2C12], the structure of which was defined 

by X-ray diffraction [326]. Analogow cts-ccmlplexes of 

5-alkyl-N-P-a&methyl-2-pyrrolidone , (123), all coordinate through the amino 

@IIT2 and are weak antibacterials [327]. 

\ 
NH2 

(123) 

A lx NNR study Of 

[sze]. 

tram[Pt(H2NMe)(D2-alkene)C12] complexes was reported 

X-ray diffraction studies of (124) show a structure atabilised by 

L OH 

(124) 

intermolecular hydrogen bonds between OR groups [329]. Rydrogen bonding is 

also important in trms-bis(tiinodiacetamide)PdI*Br2. HN(CH2C0t4H2)2 acts ae a 

terdentate ligand towards copper and nickel, but with palladiwn(I1) the NR is 

bound to the metal and is hydrogen bonded to both the carbonyl groups in the 

same ligend 13301. 

The complexes cts-[M(3-amino~oumarin)~X~] (M * Pd or Pt; X = Br, I or 

SCM) are converted to the trans-isomers between 105 and 240 OC. The chloro 

cmpounds isomerise and decompose at a higher temperature [331]. 

IR spectroscopic studies of cts- and trans-[Pt(NR2Ph)2C12], 

cts-[Pt(NE2Ph)2Br2] and D and I5 N labelled analogues allows the assignment of 
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Pt-N and Pt-X frequencies [332,333]. The stereochemical purity of cts- and 

trum- [ PtL2c12 ] complexes is very important in the search for active 

chemotherapeutic agents. Treatment of K[Pt( NH2Ph)C13] with PhNE12 gives pure 

cts-isomers. The trans-oompound is formed on dissolution in dmf. Isomers were 

identified from their IR spectra, as Kurnakov’s test proved unreliable [334]. 

Reaction of K2[MC14] (M - Pd or P-t) with fluorinated anilines, L, gives 

[ML2C12] of unspecified stereochemistry [335]. 

5.5.4.2 Untdentate heterocycLtc nttrogen donor Z7@nds 

Reaction of Pw?Y)2(w2] with a carboxylic acid gives 

trans-cPt(~)*(02~)21, which decarboxylates on heating to [R2Pt(py)2]. The 

same products are obtained on heating K2[PtC14] with thallium carbowlates in 

the presence of pyridine [336]. The complexes [PdL,Cl,] with L = 

2-octylsminopyridine or 4-vinylpyridine both have ligand coordination only 

through the pyridine nitrogen [337,3383. Cts-[Pt(nicotinic acidj2C12J 

decxnnposes on heating to give a binuclear complex, without decarbexylation 

[339]. Rroadening of 
195 

Pt satellites in the 
1 
Ii NMR spectrum of (125) arises 

from 195Pt relaxation uta chemical shift anisotropy [340]. 

(125) 

The IR spectra of cts- and trans-bis(pyxasine)platihum dihalides 

axe reported [341]. Both 2,2'-thienylpyridine and 

thieno[2,3-b]pyridihe complex with palladium only through the pyridine 

nitrogen, with no evidence for sulphur binding 13421. In 
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trcms-bis(2,Wkaethyl-6-hydroxyWrirnidine)palladium( II) and platinlm(II) 

chlorides it is proposed that the OH groups interact weakly with the metal, 

which is not possible with the cts-isaaere [343]. 

Msigrmaents of u Pt-N andvPt-x 
in cts- and trans-[Pt( iQliqX2] 

complexes have been accomplished by ccmpariscn with deuterated derivatives 

13441. The redox potentials of these and substituted imidazcle complexes are 

rather sUnilar to pyridine analogues 13453. In the presence of XI, 

[Pt(l+leimid)4]*+ gives ~Pt(l-bW.mid)4][13]2, the structure of which was 

established by X-ray diffraction [346]. A series of complexes Of 

1-vinylinridazole, L, was prepared (Schm 3) [347]. 

K2C=,l + L -cts-[PtL2x2] 
Agcy1 

~c~L*X*l-~t~31 

X = C1,Br or I x * Cl or I 

L 

.L x = Cl 
IPtL4 .1X2 

1 

[Ptcl,12- 
) WL41P’=14J 

Q’W 

truns-[FtL,X,] 

Scheme 3 synthesis of complexes of l-vinylimidascle 13473. 

The solid phase transformations of bis(bsentimidasolium) 

tetrachloroplatinate(II) and palladate(II), IW*C~l,l, differ xmmwhat. 

[LS],[PtCl,] gives [PtL2C12] by an Anderson rearrangemntbstween155 and 

190 OC, whereas [LHJ,[PdCl,] gives initially [LE][PdrcCl,] which, on further 

heating, gives Wcl, [348]. Solid phase thermlysis of c~s-[P~L~(SCS)~].~H~O 

gives loss of water at 105 OC and iscmsrisation to trons-[PtL2(SCt?)2] at 
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145 W. The cts/trans iscmwrisation temperature differ8 little from that for 

cts-CPt(tiidH)2(m)2] (3491. 

The cry&al structure of tmns-[Pt(C2H4)(pyrazole)C12] shows that the 

ccmplex i8 almost planar, and the IR spectrum implies H-bonding between the 

pyrazole NH and chlorine [350]. 

The electrophilic carbonyl ligands in metal complexes may be 

converted (reaction (7)) to cyclic arainoxy or dioxocarbene ligands. 

+ NaH 
M-CsO + 82NCH2CEI2Br - (7) 

is prepared in this way and reacts with [(MecN)2PdC12] 

to give sym,trans-[(( cp)Fe(cO)2(&JCH2CK2~)Pd(Ir_c1)C1)2], where palladium is 

coordinated to the nitrogen atom [351]. 

5.5.4.3 B&dentate und polydentate amtne donor Ltgands 

The reactions of H2N(CH2)hNH2 (?I = 2-6) with [Pt(dm~o)C13]- depend on 

the length of the carbon chain. For n = 2 or 3, only the chelate 

[Pt(a2N(arz)~~2~(amslo)Cllf is isolated. However, for n 3 5, monodentate amine 

complexes [Pt(H2N(CH2)nNR2)(dmao)C12] are isolable and entry of a second amine 

is favoured over ring closure, For n = 4 ring closure and the second 

substitution compete [352]. The kinetic8 of ring closure in 

trmrs-[pt(NR3)(i12N(CHt)~~3)C12]+ also depend on n. The differences in the 

rate constant on changing ring size derive from changes in 4Ei* rather than 

AS*, in contrast to purely organic systems [353]. Similar observations were 

made for [Pt(Me2N(CH2)nNMe2)C13]- (n = 2 or 3); the five membered ring is 

formed 183 times faster than the six membered analogue, and the methyl groups 

engender a 50--100 fold Thorpe-Ingold rate enhancement compared with primary 

amines [354]. 

Chelate complexes of 3,3-dimethyl-1,2_diaminobutane (dmbn) are 



restricted to the conformation in which the tstt-butyl 

Conformations of diamine, I-membered, chelate rings have 

and 13C NHR spectroscopy [3553, and CD measurements [356]. It was concluded 

that in [Pt(NH3)2(S-1,2-pn)] *+ the chelate ring is 70% 6, in accord with 

earlier reports. Quantitative CD and electronic spectral meaeurermnte may be 

made on microcrystalline [Pt(S-1,2-pn)C12 in an alkali halide matrix [357]. 

X-ray diffraction studies on a six mmbered diamine chelate ring in 

[Pt(bipy)((I)-2-methyl-2,44iaminopentane}][NO3]2.H20 show it to adopt en 

unsymmetrical boat conformation, in accord with atrain energy rninimisation 

calculations. b and 13C NMR data indicate that the chair ie the major 

solution conformation, but that the boat is also significantly populated 

[358]. The cytotoxic properties of platinum complexes of 1,24Wnohexane, L, 

are different from those of [(NH3)2PtC12J. The formation of [ptL(OH)2] 2+ , 
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group is equatorial. 

been studied by1H 

[LPt( rdH)2PkL]2+ and [P+z~L~(~~H)~]~+ are pH dependent, the dimer and the 

trimer being less toxic than the monomer [359]. 2JPtC amI 3JPt-c for (126a-e) 
have been shown to vary considerably, 

relationship 3JPt_c = 54coa20, where e 

established [360]. 

increasing with 

is the Pt-N+Z-C 

(126a) cts, n - 3 (126b) tram, n = 3 

(126~) c&s, n = 4 (126d)trans, n = 4 

(126e) trans, n = 2 

ring strain. The 

dihedral angle, was 

The ethehe ligand in IPt(~2N(CX2)2N)le2](C2E4)C1 I+ is very reactive 

towards nucleophilic substitution and react6 with Et2NE to give (127). X-ray 

diffraction reveals roughly square planar coordination of platinum [361]. 
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N\p/CH2cH 

N’ ‘Cl 
Me2 Et Me2 

(127) 

A range of substitution reaction8 involving chelating diamines have been 

'examined. Typical examples are given by reaction@ (9) and (9). Treatra?nt of 

(128) with en, however, gives (130), where metal promoted transamination as 

well as bridge splitting ha9 occurred 13621. 

PPh3 H2N 
I en t 3 (8) 

Ph-Pd--CI B Ph-_Pd-NH2 
I 

NH3 

I 
PPh3 

NMe2 
________;t 
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Both rates and equilibrium constants for the reactions of [Pd(dien)X] + 

with nucleophiles depend on X, and vary sensibly with change8 in solvent, 

which principally affects leaving group ability 13631. The pressure dependence 

of anation of [Pd(1,1,7,7-Et4dien)(0R2)]*+ by chloride was studied in a high 

pressure stopped flow system. Comparison with data for dien, Et3dien and 

4-methyl-1,1,7,7-Et4dien ccmplexes shows that rates decrease as steric 

hindrance increases. An interchange mechanism is indicated with high pressure 

data favouring Ia [364]. 

Both nitrogen atams are metal coordinated in [k&X2] aompleloes of (131) 

(M = Pd or Pt; X = cl, Br or I), prepared by treatment of K2[MX,] with the 

ligand. These species function as effective fungicides and bacteriocides 

13651. 

(131) 

Palladium(I1) and platinum(I1) complexes of (Da) and (13b) have been 

characterised by NbIR spectroscopy and m studies, but precise details of the 

structures are not well defined 1491. Purther platinum(II) cmlems of 

N,N'-ethylenediaminedarainediacetic acid are reported; the ligand may be bi- or 

tridentate [37]. 

studies of the electronic spectra of platinum(I1) bipy caaplexes have 

been reported 13661. 

An X-ray diffraction study of the palladima(II) chloride ccmplex of 

(132) shows that coordination about the metal is distorted towards the 

pyramidal, and the best plane of the four donor atcms surrounding the rmtal is 

bent by 400 out of the best plane for bipy [367]. Ligahds such as (133) might 
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be expected to experience considerable steric problems in becoming coordinated 

to palladium in a [PdN4] arrangement. However, preparation of [Pd((133)}].H20 

proved relatively facile [368]. 

Co&t CO,Et 

(U2) (333) 

[(3,5-dimethylpyrazolyl)2Pt(dppe)] reacts with copper sulphate to 

form a 111 adduct. EPR studies restrict the possible structures for the adduct 

to (134) and (135) [369]. 

4,4',5,5'-tetracyano-2,2*biimidaxole (L, (136)), which is a poor u-donor 

but a strong n-acceptor reacts with K2[M(CN)4] (M = Pd or Pt) to give 

K2C=WW21 13701. 1:2 ccmplexes of unspecified structure are formed between 

(137) and palladium(I1) [371]. 

Palladium(I1) complexes of the tetradentate tetraaza macrocycles, (138) 

and (139), have been characterised as models for corrin and porphyrin 

cmplexes [372,373]. [(TBP)Pt(KI)] shows a strong phosphorescence at 745 nm, 

with a guantm yield of 0.18*0.04 [Sl]. The crystal structure of 

N,N'((benzylo,xy)methylene)tetraphenylporphyrin-N",N"'-dibromopalladi~(II), 

(140) shows the porphyrin ring to be highly distorted. The complex is proposed 

as a model for the intermediates in the synthesis of porphyrin complexes 

[374]. 
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(134) 

(135) 

(136) 
(137) 



Ph Ph 

Fjh \ 
PdBr, 

5.5.4.4 Imtne dowr Ltgands 

Treatment of the carbon bonded complex (141) with 

[(W(q3-2-R4-C3Ei4)C1)2] in the presence of Na[C1041, yields the chelating 

bis(imine) complex, (142) [375,376]. 

Et2NHCH2C132SC(NH)NE2 coordinates in a monodentate manner vta the imino 

nitrogen atom in CPtrEt*~2~*SC(NH)NA2}C131-, whereas pyridine 

a-ethylthiuramine acts as a bridge in the head to tail dinter (143) [377]. 

Spin exchange is realised by an indirect mechanism in a range of 

complexes such as (144) [378]. 
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I?* 
1 
N 

- 

Cl4l) (lls) 

195Ft NMR studies of the syrrtspi tPtC14J2-/[tJC12]~~Br~ are rqmted EM]- 

~fMeCN)ZPd(N02)Cl.] reacts with ethme to give ketones vLu (145) [ 379). 
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5.5.4.6 Dim&w, trtaztne and tetraazadkww Ltgands 

Diarytriazines, ArNM-NUAr, may act as mono- or bidentate ligands. CXs- 

and trans-[Pd(PR3)2C12] both react to give trans-[Pd(PR_, ),(ArN-N=N-Ar)C1]. At 

roan temperature these undergo an intramolecular dynamic process with rapid 

exchange of N(1) and N(3). Intermolecular change occurs but is much slawer 

[380]. Reaction of K2 c ptC141 with Ar-NM+NHMe gives 

cts-[Pt(Ar+I=N-NY%te)2Cl2], in which the triazine is mndentate. These 

have cytotoxic properties [361]. !rhe extraction of palladium(I1) with 

l-(Pnitrophenyl)-3-(4'-azobenzene)triezine is reported [382]. 

Two palladium complexes are formed from 3-nitrofozmazan, (146). The 

violet complex is a chloro bridged dimer, whilst the green species, formed in 

the presence of Ag* and an excess of ligand, has [PdL,] stoicheiometry. Roth 

are said to contain an N(l)-NJ(3) five membered chelate ring, analogous to the 

corresponding nicJcel(I1) complex [3S3J. Quite a different structure was 

assumed by Russian workers in (147), a complex Of 

34 4-oxo-3,5-di-tert-butylpheny1)-1,5-diphenylfor~nazan, which is of interest 

in its radical form [364]. In neither paper was the evidence presented for the 

structures particularly convincing. 

Tetraazadiene complexes of platinum(I1) react with azide ions to give 

various exchange and rearrangement processes. For example, the 4-nitrophenyl 

compound (148) gives a mixture of products (Scheme 4) but the 4-chloro 

analogue is unreactive [355], More complete details of the synthesis of 

tetraazadiene complexes from [Pt(cod)2] and [Pt,( tsrt-l%tNC)6] are reported. 
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[Pt(Ar2N4)(cod)] react8 with ik3P to give the bright blue compomd 

diffraction showed roughly trigonal bipymmidal coordination with the l?Et3 and 

u-bonded carbon exiti and the n-acceptora, azadiene and G2-alkene, equatorial 

[386]. 

(148) R = 4-02NCGt jL, 

Scheme 4 Reactions of azide ion with tetraazadiene complexes [395]. 
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(152) 

5.5.4.7 BLaentate nCtrogen-phosphorus &nor LSgands 

When (150) is treated with (151) (E = P or As), diastereomeric complexes 

are produced and may be easily separated [X47]. 

(150) 

5.5.4.8 Btdentate nttrogen-carbon Uonor Ltgands 

Cyclopalladation of (153) was studied by 
I.5 N NUR spectroscopy; the 

(151) (1521 
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six-meabred rather than the five red product is formed (reaction (10)) 

[am]. About twenty complexes of the type (155) hawe been synthesieed and 

(10) 

(153) (154) 

their electrochemistry studied; three cyclic voltametric waves are found, the 

first twc corresponding ta reversible reduction of the azo ligand [389]. 

Ph 

(155) 

Reaction of lithium tetrachloropalladate(T1) with the hydrawne (156) gives 

cyclopalladation (reaction (11)). It i8 interesting to note that 

cyclopalladation ccmpetes successfully with hydrazone deprotonation [390]. 

Cycloamtallated products are also fonaed in the reactions of 2- and 

3-thienylpyridine and 2-arylpyridiues tith Li[PdCl,] [391,392]. In (158) X-ray 

diffraction show6 a somewhat distorted aguare-planar coordination of palladium 

with some interaction between the metal and the aldehyde [3933. 
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(156) (157) 

(11) 

NMe, 

(158) 

The carbon lithiated diamine ligand (159) reacts with [Pt(SEt2)2C12] in 

the presence of Br- to give (160) (reaction (12)). The corresponding palladium 

NMe2 

t’ ’ 0 LI 
[(Et&‘tCl;i/Br” 

I 
NMeZ 

(159) (160) 

complex is synthesised from [Pd(cod)Br2]. Treatment with Ag[BF4J remmes 

halide, to give the aqua compounds, which are stable both in the solid state 

and in solution [394]. On mixing the halo end the aqua complexes, hoino and 
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heteronuclear bridged dimera are formed, the structure of (161) waa determined 

by X-ray diffraction [395]. Replacemnt of bromide by ethahoate occurs on 

treatment of (160) with 

the bimetallic compound 

silver ethahoate, but Ag[RNXNR*] (X = 

(162), indicating that formamidino 

CH or N) give0 

and triazenido 

(161) (162) 

ligandm have greater stabilieing influence on the platinupp-silver 

bond than the isoelectronic carboxylates. yor R#R' two isomers are 

formed in proportione depending on both electronic and steric factors 

(3961. The presence of a direct platinum to silver bond was 

confirmed, and 1 
JAFPt WaSUred using the INEPT technique in the 

109 
Ag @Am spectm [397]. An EUE4lOgOUS *==lly c=Wex, 

C (2, W5@=2 )2C6”3PW-~3C6~4Hc( WC=,Hig~=ll, wa8 studied 

crystallographically, showing that the coordination about platinum is 

approximately square pyramidal. A low value for 'J 
X9-M 

is consistent with the 

bond from platinum to memxuy involving a molecular orbital w%th high dz2 

character [398]. 

5.5.4.9 UnCdsntate phosphtne donor ttgands 

The published data on the isomerisation of palladium(IX) and 

platinum(I1) square planar ccmplexes have been reviewed, with specific 

reference to [PhPt(PEt3)2C1]; it is concluded that the truns-effect of the 

inner sphere Uganda controls the direction of isomerisation [399]. Carbon 



monoxide induces cts/trons isomerisation of [Pt(PR3)2Cl2] vta a pseudorotating 

five-coordinate intermediate [400]. A similar mechanism is invok%d to explain 

the isomerisation of [PtL2C12] in the presence of an exoess of phosphole 

ligand (163) [Sol]. 

\ ’ 
\ 

~ 

7 
R 

(163; R - Me, Bu, CM+ ph or phcRz) 

X-ray diffraction studies are reported for t~~~-[w(P(~2Ph)a)2(N3)21 

and trans-~PdfP(CR2Ph}3)2(CN)2]. DnlY the trons-isomers may be isolated 

because of the steric bulk of the tribenzylphosphine ligands. The ligand Cone 

angle meaeured in the amide is 2DW, rising to 232O in the cyanide. Cyanide 

exerts a stronger c&s-influence than aeide [402]. trans--Gemtry is also 

preferred for complexes of the bulky txitsopropy@hosphine; in 

*ronHPWPf~213)2C~2] and trans-(Pt(P{cfMe*f3f2ZICl] the interactions 

between t&e phosphine substituents are important in determining Pt-P distances 

c4033. Diffraction studies of two crytltalline modifications of 

cts-[Pt(PMePh2)2C12] are reported; both show small tetrahedral deformation% 

frcse strictly square planar geometry [404]. 

The use of ctoscrborate anions a% a means of stabilising unusual 

coordination compounds has been rwiewed. For examWe, it is 

difficult to make the tetrafluorohorate %alt of [Pd,~l?Ph3)4(rc_c1),]2+ but 

the [SnXn]2- fn = 10 or 12; X = C1 OY Br) salts are stable. Other usefuul 

ttansfonnations are shown in Schm 5 14051. A new preparation of 

fPt( PPh3j2)C12] is rsportedt it is claimed thW the product is in %ome nay 

"different" from that produced in the past, an e.%sertion for which Little 

evidence is provided [406]. 
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2Pdc12 + 5cs2[S04] 
H2B12C11* 

-Cs Pd Cl 
10 2 6 

(B Cl 
12 12 

) 
3 

2PdC12 + 4PPh3 + H2B12Cl12 

Scheme 5 Stabilisation of 
14051. 

unusual palladium cations using czoso-borate anions 

Ab tnttto K) calculations of the structures and relative energies of 

[Pt(PH3)2XY] (x,Y - ELCl) show that the Drczns-isomer should be more stable 

than the cfs in each case. AvaiLable experimental data are in good 

agreement with the calculated values for bond lengths, bond engles end 

vibrational frequencies [4O7]. Self consistent field X,-SW calculations for 

the related species rPt(PR3)2R23' IPWR3)2Rmr I*( PH3 j2-, 3 and 

[Pd(W,)2Me2~ correctly predict the relative rates of reductive elimiMtion 

from such caeplexes [408]. 

The 31 P NHR spectrum of solid ct~-~l?t(PR3)~Cl~] may be resolved 

angle techniques. The con@exes with R9P = Ph2PCR2CR2Si(0Xt)3 

by magic 

WY be 

imobiliaed on silica or glass and relatively well resolved spectra were still 

obtained [4O9,410]. 31 P NMR spectra of ct~-[Pt(PR3)~Cl~], where R3P - (164), 

show the effects of the ligahd on chemical shifts and platinum phosphorus 

coupling constants 14111. 

PPhn 
3-n 

(164; X = 0 or Sj n - 0,lor 2) 



308 

Reaction 

simi1a.r result 

Of IPd( PPh3 I4 I with trityl fluoroborate yields 

vta one of the alternative pathways shown in Scheme 6. A 

is obtained using [Pd(PIoPV3)41 

hexafluorophosphate. In the presence of other suitable 

COLUpleXeP, including [Pd(PPh3)(phen)2][EFq]2, are obtained 

and 

ligands 

[4X!]. 

cation acts towards tram-[Pt(PPh3)3EiCl] as a hydride abstractor giving 

[413]. 

trityl 

mixed 

Txityl 

Ph3CEi 

CWPPh, ),I ~-----+Pd(PPh3)3] + PPh3 

Ph3Cl + 
Iwp~3 ),I - CW PPh3 )$=a I+ 

IW PPh3 I,( Bhg )2 3 
2+ pph3 

-,[Pd(PPh3)4]2+ + P[Ph3C]' 

DWPPh3 ),I +- Ph,c.l+ - Cpdt PPh, ),I+ 

PPh 
[Pd(PPh3)3J+ t [Ph,C]+----1-, Ipa(PPh3)4]2+ 

+ m3c1* 

+ [Ph3C]' 

Scheme 6 Reactions of [Pd(PPh3)4] with trityl cation 14131. 

[Pt(PPh3)2C12] acts as a bifunctional electrophile in a reaction with 

CFe2(p-S)2(~)412- giving [(Ph3P)2PtS2Fe2(NO)4] of unknown structure (4141. 

The ligand R4L (165) also gives dieplacement of halide from [M(PPh3)2x2] (14 9 

Pd or Pt) to give complexes of stoicheiometry [(M(PPh3}2)2L] 14153. 

(165) 
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X-ray diffraction studies of (166) show that the (Pt2P2) ring is 

strictly planar. The Pt-P-Pt angle of 103O is at the top of the reported range 

for M-P-M, in agreement with the high field 31 P NHR signal for the bridging 

phosphide [416]. 

Ph2 

U\pt/p~t/PHph2 

Ph,HP/ \p/ \c, 
Ph2 

(166) 

Reaction of the complex (167) with a copper carboxylate gives the 

emerald green parmagnetic specie0 

crystallographically. (169) reacts 

[417]. 

The solid state etrucures 

(lee), the structure of which was confirmed 

with Ag[EP4] to give lime green (169) 

of the propanone, ethanonitrile and benzene 

solvates of trans-[Pd(PPh3)2(CE2CN)C1] shcw no obvious 

explaining the photochrunicity of the canpound [416]. 

5.5.4.10 Other unCdentate phosphorus donor tlgunds 

Reaction of KpC141 with trimethyl 

[Pt({P(OMe)20)2H)2]. The bridging hydrogen atcms may be 

treatment with BF3.Et20, and X-ray diffraction shows 

features capable of 

phosphite yields 

replaced by BF2 on 

that the sixxred 

chelate ring in (170) adopts a distorted chair conformation [419]. The 31P T1 

value8 in platinum( II) phosphine diphenylphosphinato and dimethylphosphito 

complexes were recorded. The 31P NMR spectrum of (171) is concentration 

dependent with a monomer dimer equilibria [420]. Reaction of 

[(q5-cp)Pd(q3-(Ca,C(Me)CEf2))] with HPO( OR)* gives the hydrogen bonded product 

(172). IR spectroscopy implies that the hydrogen bond is symmtrical and the 

proton may be replaced by RF2 or thallium [421]. 
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The stability constants and thenmdynamic parameters for palladium 

bia(thiocyanate) complexes of phosphines and phosphites have been measured 

[422]. 

CdI2CW2 
5 

(OMeh tOMe);, 

/“-P\ptP-$F2 
F2B 

\()-p/ \p_(/ 

(OMe)2 (OMe)2 

‘I>-,--, 0 

c-7 
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(172) 

5.5.4.fl Btdentato phosphorus donor Ctgpruis 

A range of tram?-chelated platinum( II) complexes of Ph2P(CH2),,PPh2 (n - 

6,7,8,9,10,11,12 or 16) have been synthesised, the degree of oligmerisation 

depending on the length of the carbon &&bone [423J. Reaction of the 

biphosphines with K2[PtC14] gives cW-ccmplexes which are ieorarised to 

tmns-analogueB in the presence of mums8 phosphine. K[Pt(C,H,)C13] gives 

truns-isomers directly. Monomeric transeomplexes my be obtained only for 

n * 7 14243. Ph2P(CH2)6PEtPh give6 a cts-polymeric ca~@lex on reaction with 

K2[PtC14], but yields a mixture of ctspolymr and a soluble trans-iaomr with 

[(PhCN)2PtC12]. Zeise~s salt alao gives the less stable tmns-isomer [425]. In 

contraat, Ph2P’ a2 ‘5=h2 zeaCt8 wLth K2[PtC14] to give a &s-chelated 

monomeric complete rather than a macrocyclic product 14261. 

Exchange reactions of [Fd( d-)X,] and [Pd(dppl)Y2] to give [Pd(dpem)m] 

are easily monitored by 31 P or 'H m spectroscopy. Equilibrium is establiehed 

within 5 minutes both for thie reaction and the analcgous one of 

~~,ML?Iw)~X~I C4271. 

The strained complex [Pt(dpEm)2]2f reacts readily with cyanide ion to 

give (173), in which the strong bonding of the CN- stabilises the wnodentate 

made of coordination. (173) may also be obtained from treatment of 

I~,ww,w%m ),I with an excess of dppm [428]. (173) reacts with 

[Rh2(p-C1)2(m)4], HgC12 and Ag[ND3] to give heterobimetallic complexes (l.74). 



Ph pAPPh 21&-N I 2 
Pt M-X 

NC/ I I 
Ph2P,_,PPh2 

(173) (174) 

Trun~-[Pt(c2cR)~(q~-d~)~] reacts sisail.arly with Ag[WO,J, [Au(PPh3)C11, H4c12 

and cm, [4293 f The mercury contplex is also obtained from [J?t{rtz-dPPS)2]Clz 

and bis(alkyny1) mercury compounds [430]. In (175), synthesised by treatment 

of trufis-_1~t(c~)~(~'~~)~3 with [Rh2(~-Cl),(co)41, the rhodim-platinm 

bond is a donor-acceptor interaction. rI~,(Ir-Cl~a(CeH14 ),I gives the 

corresponding chkx-oiridium comlex, which is able to undergo 

oxidativa addition of dihydrogen. f~~-cW(~)3(~~31 gives 

truns-[Pt(C~)2(~~ppa)ZW(CO)3~ [431]. 

R 

Ph PA 2 

I 

,R PPh2 
4 I 

&______Rh-- 

,&’ f I 
Ph2P_PPh2 

CO 

Addition of phoaphine ligands to [Pt2A3(Irilppa)2][PP6J induces reductive 

elimination of molecular hydrogen. Deuterium laball%ng suggests that the rate 

controlling step 4s addition of the ligand, with bridge splitting, to give 

(1%) 

(176) c4321. The A-frame complex [MePt(Ir-B)(P-d~pin)~Pt~l+ is Prepared by 

reduction of [~3~~(~~~)~l[P~=l or fHe2Pt(~-C1)(~-dPPn)21tPFglr and i* 

stale in the solid state. X-ray diffraction shows that there is a *a 
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interaction between the metal atoms [433]. 

CPW @@-p2pHn” I* m,, formed by treatment of K2[PdC14] with the 

phosphine, reacts with pentane-2,Pdione to give RSSR and asaS forma of (177) 

c4341. 

(176) (177) 

The curious ligand q3-P3 forms a series of complexes [U?(q3-P3)#12L]u+ 

with 38 and M2 being Co, Ni, IOI, Ir or Pd. n3-Pa behaves as a 3w-donor and L 

was CFi3C( CH2PPh2 I3 or N(CEi2PPh2 13. P4, an intact tetrahedron of phot3phorua 

atoms, may be v-bonded to palladium [4353. 

When the synthesis of Kg[Ptp(pop)4] is carried out at 170 OC rather than 

loo oc, the reaction pmceeds further to give a green compound, which reverts 

to IC4[Pt2(pop)4] on standing in solution. Spectroscopic studies suggest a Pt4 

ccmplex of [ROP(O~)OP(O~)OP(O~)OP(O~)OE]e or, more likely, a Pt3 wmplex of 

[XOP(O-)OP(O-)OP(O-)OEl]3- [436]. 

Polydentate phosphine ligand complexes of nickel, palladia and platinum 

have been investigated 14373. 

5.5.4.12 gtdentate phosphorus-carbon dcncr ttgands 

Further details of the metallation of (Me,C),P are reported, this year 

using C ( Phm 12wC12 I, to give only the binuclear complex (178). Although the 

coordination about palladium is roughly square-pLanar, the four-membered ring 

is considerably puckered with a P-W-C angle of 70* [438]. 
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(178) 

Reaction of [Pt(CNCMe3)2C12] with (Me3c)pP(CH2)5P(CMe3)2 gives the 

metallated complex (179) together with an unidentified species. Cl may be 

substituted by CO, MeNC or Me3CNC in the presence of Na[BPh4]. X-ray 

diffraction showed the unidentified compound to be (l80), with a disordered 

double bond. It may be deduced that it is formed directly since 

dehydrogenation of (179) is difficult [439]. The behaviour of 

(Me3C)2~2cB(Me)(cH2)3P(~3)2 differs when reacted with labile palladium(EI) 

and platinum(I1) complexes. [(PFICN)~P~C~~] gives the analogue of (179) with 

the methyl group in a pseudoequatorial position, whilst [(PhCN)2PtC12] gives a 

complex mixture of sixteen-membered ring chelates, trans-[Pt2L2C14]. This 

mixture may be converted into the analogue of (179) by treatment with tfali 

followed by lithium chloride 14401. 

(179) t-01 
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5.5.4.13 (Irsentc donor Ltgmuls 

Ln contrast to (Me3C),P, (Me,C)2As is hot readily metallated and reacts 

with K2[PtCl+] to give tmns-[!i2Pt(Ae(CM%3)3]2]. Several reactiorm of this 

complexare reported (Scheme 7)[441]. 

scheme 7 Reactions of tran~-[E2Pt(A8(CHe~)~}2] 14411. 

Some unusual ooordination geometries are abtained ~4th the ligande 

1,2-bis(diphenyla.rsino)benzene and 1,2-bia(di-4-methlphenylar~ino)beneene. The 

species [PtIX2] and [PtL2]X2 have conventional #guare-planar coordination but 

[P~2(=2)2]rC~0412 adopts dietorted octahedral geaaetry and [PtL2X]CC1041 (X 

L I or Br)are five coordinate (4421. A number of complexes of 1-arylarsolahes 

havebeenreportedandcharacterised; those of stoicheimtry [PtL2C12] are 

probably cts. Again some unusual coordination modes are postulated. [PtL3Br2J 

is five coordinate and structures (Iala) or (181b) are postulated for 

Thiocyanate counteriolua are s-bonded in 

Cl\ J,y/ 
L' 'Cl' 'Cl 

Cl L 
I I 

L-ha-cl-w-cl 

’ 1 Cl 

(-la) (18-I 
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IilOst cases but in [Pt[l-(Z!-methylphenyl)arsolane}2(XN)(NCS)] one is 

N-bonded, and in [(Pd(l-(2+ethylphenyl)arsolane)(SCN))2] both S-bonded and 

bridging coordination are indicated by the IR spectrum 14433. 

5.5.4,14 Ant tmony donor Ztgands 

The structure of [W(~5~p)(sbph3)2][pPg] has been determined by x-ray 

diffraction and the synthesis of a wide range of analogous complexes of 

phosphines and arsines was reported [444]. 

5.5.5 CompLex8s of Group IV donor Ltgands 

Many of the complexes of Group IV donor ligahds are ~organcmetallic 

complexes" and are thus excluded from this review. The organometallic 

chemistry of nickel, palladium and platinum, reported in 1979, has been 

reviewed 14451. 

5.5.5.1 Carbonyt comptexes 

hans-[Pt(Q3)2C12] may be synthesised from platinum atoms and oxalyl 

chloride [446]. Catalytic synthesis of phosgene from chlorine and carbon 

monoxide occurs in the presence of [Pt(cO)Cl3]- and [Pd(CC)Cl,]-. In a study 

of the reaction mechanism it was shown that whilst cts-[Pt(C0)2C12] does not 

react with chlorine, [Pt(CO)C13]- reacts in thionyl chloride to give 

CPt(CO)C15]-. The corresponding palladium complex is unreactive since the +4 

oxidation state is somewhat less accessible [447]. cts-[Pt(CO)(PMePh2)Cl2] 

reacts with bis(alkyny1 )mercury compunds to give (UK?) uta an oxidative 

addition, reductive elimination sequence [448]. 

MePh P 
2 \Pt'--R 

CC' 'Cl 
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5.5.5.2 Cymtde compLexes 

A detailed study of the W spectrum of K2[Pt(cN)4] and 5a[Pt(cN)4] 

allows a more definitive set of emited state assignmsnts than has previously 

besn possible. Concentration dependent quenching snd lifetim studies of the 

rocm temperature emission allow a distinction between fluorescence and 

phosphorescence, and a probable assigmnsnt of the oligomrs responsible 

[449,450]. The phosphorescence of ( [Pt(CK)4]2-)n is quenched by dioxygen and 

NO 2' and by come reducible species. Triplet state oligcmsrs undergo excitation 

energy transfer if the acceptor has a triplet excited state below 2 V in 

energy 14511. Polarised emission measurmnts on single crystals of 

5s12[Pt(CN)~]3.18H~O exhibit a radiationless energy transfer from the lowest 

excited state of the linear [l?t(CN)4]2- stacks to the 5m3' cations [452]. The 

Ek polarised emission of M;c[Pt(CN)4]y.H20 is profoundly affected by magnetic 

fields, being blue shifted by 270 cm -I between zero and 8ixTesl.a. This is 

explained within the Dllh syssaetry of a single [Pt(CN)4]2- group, assuming that 

the lowest emitting state is A'Iu 14531. The E-kc absorption spectrum varies 

considerably with temperature both in frequency and in intensity [454]. The 

influence of electron-hole and electron-phonon interaction on the lowest 

excited states of [Pt(CN),]*- has been estimated [455]. 

Reaction of T12[Pt(CN)4] with thallitau(f) carbonate yields a green 

lustrous ccmpound of fomula T14[Pt(Ch)4][CD3] which is definitely not a 

partially oxidised tetracyanoplatinate salt. A neutron diffraction study shows 

that the platinus atoms in the linear chain are 3.245 ii apart, considerably 

further than the 2.9-2.96 i typical of oxidised salts [456]. Y2[Pt(cN)4]3 

undergoes a pressure induced phase change in the course of which the 

interplatinum distance decreases 14573. 

15 N chemical shifts aad lJm coupling constants wsre measured for the 

ions [Pt(CW),J*- and [W(LN),]*-. 'JON is larger in the complexes than for the 

free cyanide ion [456]. DTA of diphenyliodonium palladium and platinum 

tetracyanoplatinates(I1) shcw that decomposition yields iodobehsene, 
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bensonitrile, phenyl isocyanide snd cyanogen 14591. 

Thermolysis of trans-[CrP(0Ef2)(1,3-pn)2][kf(CN)4] (M = Ni, Pd or Pt) 

yields [(1,3-pn)2PCr(~-CN)~(CN),]. The platinum complex is s omwhat different 

fraa the other two ahalogues with a platinm+platinus interaction both in the 

solid state and in solution [%O,%l]. 

5.5.5.3 KsontOrtGe caRpMxos 

M papers report the crystal structure of cts-[Pd(Wych)2C12], 

prepared from WC22 artd cychiuC. One isanitrile occupies an axial site on the 

cyclohexane ring whilst the other is equatorial [%2,%3]. 

The carbon-nitrogen bond of isonitriles is susceptible to attack by 

nucleaphiles and this was used in the rather curious conversions of Scheme 8 

14543. 

+ 

Icp,w(=),l + ChWWW==-)212+- 
I H+ 

( depe W + 
\ 

\ 
c-S-w( SH ‘cp* -MeNC 

Le 
S 

’ 'Pd(dppe)B 
+ B 

“‘w\s,/ W(dppe)l + c~~w<~=c_N< 
S Me 

I 

Scheme 8 Reactions of isonitrile compleXas with nucleophiles [%4]. 

Both cts- and trans-[Ar2Pd(CNHe)2] (Ar = C6H5) give (183) on treatment 

with PdCl 
2' Thetmolysis involves aryl ransfer and yields a bridged polymer 

(reaction (13)) which may be converted to a mmxaer using a variety of 

ligands, L. The structure of the complex for L = tht was establtihed by X-ray 

diffraction [%5]. me complex trcms-[W(~~-dppm)2(ne3cm)2]2+ may be 

synthesised by the routes shown in reaction (14) [466]. 



(183) J L 

Ye 

(13) 

\ 
3 

[Ph2PcB2mh2-Pd-PPh*cK2PPh2]*+ 

,,_KI,lIz _::I 13 

2 
3) NMBph41 (14) 

5.5.5.4 StLGxm Umor WganQs 

Ct~-[~(~h~)~(S~~)(~)'l undergoes a temperature dependerrt aynapic 

process in which the two phoephorue atom beccm equivalent. Retention of 

5 PtEI and lJPtP rules out 84% or p-pt bond cleavage. Php, R,SiE and solvent 

have no effect on the rate, implying that aeaociation followed by 
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pseudorotation is not involved. The authors were forced to conclude that a 

direct geometry change ocurred [467]. 

5.5.5.5 TG? &nor Ltgands 

Although the axial and equatorial bonds in the trigonal bipyramidal 

anion [Pt(SnCl3)5]+ are not equivalent (despite earlier reports) the 

structure is less distorted than that of [J?t(GeC13)6]3-. In contrast to 

/Pt(P(OMe]3)5], the anion is non rigid on the NMR time scale, even at 183 K, 

with exchange of axial and equatorial sites by Berry pseudorotation [468]. 

Single crystal X-ray diffraction studies of [MePh3P], c~~-[Pt(SnC13)~Cl~] and 

[(PhCH2)Ph3P]2[Pt(SnC13)2CC12] show a Pt-Sn bond significantly shorter than 

that in [Pt(SnClg)5J2-. This is consistent with the much larger 1J(1g5PtL1gSn} 

measured for this complex, and implies that Pt-Sn n-bonding is more important 

in foaur-coordinate than five-coordinate complexes [4691. 

The reaction between tetrakis phosphine and phosphite platinum(o) 

complexes and R3SnE is rather caaplex. Phosphine complexes yield 

EH2Pt(SnR3)2(PR3)2] by a double oxidative addition, but [Pt(P(OAr)3)4] gives 

truns-[Pt(SnR3)2(P(OAr)3)2], presumably by reductive elimination of R2 from 

the less stable platinum(W) species. With bipy as the other ligand, the 

platinum(IV) complexes, (XH), show 

(15)). Treatment of [Me2Pt(bipy)], 

mechanism of reaction (16) [470]. 

no tendency to lose hydrogen (reaction 

however, gives [HPtMe(bipy)(SnR3)2] by the 

(15) 
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Reaction of *rms-[RPt(b#OA)(PRt,),]+ (R = 8 or Ph) with [Ei51r(PEt3)21 

yields (185) the stucture of which was determined by X-ray diffraction. In 

solution isomerisation gives (186). For the analogous complex (187) different 

solution behaviour is observed with exchange of terminal and bridging hydrides 

vta a bridge splitting process [473]. 

? 
Apt 

EtP 'H'I 'Pm, 
Pm 

3 

(=I 

5.6 PAlLADIUM(I) PLATINUM(I) 

[Pd,(p-dpp~l)~X~] inserts a 

some of the proceeses being 

(106) (-7) 

variety of small molecules (reaction (20)), 

reversible; WES implies that there is little 

change in oxidation state on adduct formation [474]+ 

(X = cl) from [Pd(PPh3)4], I(~h~)2=~21 and 

[(Me3CCtJ)2PtC12] gives the mixed palladium-platinum 

stable towards disproportionation [475]. 

A new ayntheais of (188) 

df?fm is reported. Using 

complex, which is very 

Ph P-PPh 2 2 F’h2 6\PPh2 

X I (20) 

x-7d 

- - 

‘i” 

% 

x +A y 

\Pd Pdyx 
1 ‘A/ 
I I 

PhpP_PPh2 Ph;! P_PPh, 

(188) (189; A - CO, RNC, S, SO 2, RCvCR' or PhN,+) 

'Pfie first crystal structure of a complex containing monodentate dppm is 
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provided by a study on (MO), which may be regarded as a protonated form of 

[~,w@m31’ The covalent platinum-platinum u-bond is quite long [476]. 

Diazomethane reacts with (191) (t - CO or MeaPhP) to insert CH2 into the 

metal metal bcmd [4773. A careful study of the previously reported reductive 

H--t--- 

I it 

-PPh2CH2PPh2 

Ph$’ -PPh2 

(1-1 

I 

Ph P-PPh 2 
I I 

2 

f-j---Pt- Pt-L 

I I 
Ph2P\/PPh2 

(191) 

1 
0 

elimination of molecular hydrogen frcun [l32Pt(rEI)(cl_appm)2]+ by photolysis in 

the presence of various Uganda has established its strictly intramolecular 

nature. Whilst the precise mechanism is still uncertain, the reaction probably 

occurs from the first singlet excited state [478J. 

Thermolysis of [MePt(dppe)(OH)] gives a ccmplex of stoicheiometry 

W,MPPe*l. X-ray diffraction studies of (192) shows that the only 

diastereamer formed is that with all four phenyl groups on the same side of 

the average ccordination plane 14791. 

A palladium(I) dimer was an accidental product of the reaction between 

[Fb(PFh2py)2(CO)3] and [(cod)PdC12]. The ccmplex, which is formed in 38% 

yield, probably has the head-to-tail structure (190). Twc minor products of 

the reaction could be prepared in better yield from 

[Pd,(d.ba)2]. They are stereo ieomers and interconvert 

state the structure of one iscmer was established 

palladium and ruthenium in oxidation state +l 14801. 

CW Pph2w I,( co j2C12 1 and 

in solution. In the solid 

to be (194) with bcth 
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Jo 
Ph$’ N 

I I 
cl -I’d -pd----cl 

PPh2 

(193) 

5.7 PArmWfutqO) Am PWl?INuM(0) 

5.7.1 ConpLexes wtth Croup YI donor Z*gands 

PWPh&-)I forms 1:l adaucts with CO 
2' 

CS 
2' 

C2E14 and 

Me02CCmCCOpe. The crystal structure of the CO2 adduct (195) shows that this 

is the fbst example of the insertion of CO2 into a metal nitrogen bond [481]. 

IPh 
Ph3P, /o-N\ 

Ph PYe\o/c=O 
3 
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Mixed a4P bimetallic compounds are formed when WUa3)23 is 

treated with IMo(SCMe3)41. In [(~3~)4Mb(~-~3)2W(~3)] the metals are 

bridged by two s-me3 groups [4823. 

The reactions of C02, CS2 and COS with platinm(II) and platinum(O) 

complexes have beem studied by several groups. Photolysis of WC12 in the 

presence of 00s and Ph3x (x = P or B.s) provides an alteraative synthesis of 

C(Ph3X)2Pd(~*-CWl, which is also formed in the thermal reaction [483]. The 

sam type of ccmplex ia formd by treating [Pt(PPh3)3] with a limited amount 

of COS at low temperatures. The platinum complex is more stable than palladium 

analogues but still decomposes at +2OW in solution (reaction (21)). This is 

somewhat at variance with the previous report of the isolation of 

[( Ph3P)2Pd(COS)] at roam temperature [484]. Carbon disulphide ccmplexea, 

[LZPd(rlL-CS2)lr are formed from Ew2(dba)3], L and csq 14651. 

ph3p\ /= //O 
Pt I- 

*3P\pt.S~pt/P*3 

Ph3PN 'S Ph3P' 'CC 
(21) 

Last year it was reported that [{Ph3P)2Pt(q2-(PhS)2C-S-o)] undergoes 

oxidative addition to give [(Ph3P)2Pt(SPh)(C(SPh)~)J. By contrast, 

[Pd(PPh3)4] reacts with (4-m&hylphenyl-S)2C-S=0 to give an q*-coord%nated 

sulphine complex (1%). This decomposes slowly in solution but does not 

undergo C-S oxidative addition. Similarly E-(4-methylphenyl-S)c(cl)=S=o gives 

an q*-C-S palladium(O) complex, with only a small amount of oxidative addition 

product, whereas the platinum analogue undergoes very rapid oxidative addition 

[466]. 

(1%) 
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5.7.2 cwnpr4xes ott?i Group v donor ttgands 

Studies of the reactions of palladium(O) and platinum(O) phosphine 

complexee have been largely theoretical. An ab tnttto treatment bf 

c~(~f13)21/~2 suggests that the activation energy for the forward reaction is 

71 kJmo1 -1 . Dihydride formation io exothermic by 29 kJ mol 
-1 

, implying a 

barrier of 100 kJ mol-l to reductive elimination [487]. The SCP-W+L!AO method 

within the valence CNDCJ approximation was used in studying [Pd(PR3)x] (n = 1, 

2 or 3) [488]. Other studies suggest that a bridging hydrogen complex such as 

(197) tight be particularly stable [499]. 

I--. 
R3P-Pd,S,Fd-PR, 

A new syhtheeis of [Pt(PR3)2(C2B4)] is reported and its transforuuitions 

were exterkeively studied (Scheme 9). The oeost unusual of these iuvolves 

deccmposition of the (q2-CR20) complex, postulated to occur vto a hydride 

transfer [490]. 

[(C,Cl,)Au(pPh9)] reacts with [Pt(PPh9)2] to yield (198). x-ray 

diffraction showed that this does not contain a platinum-gold bond. The 

attachment of an (Au(PPh9)) group activates the carbon-chlorine bond towards 

oxidative addition [491], The mechanism of carbon-carbon bond cleavage in 

reaction (22) invites speculation [492]. 

Ph f’h 
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.l. 

( R3P b2PtC12 

H E , 

scheme 9 Transformations of [(RJP)2Pt(C2R4)] [4901. 
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CI- 

I 

PPh3 Au ,C’ 

-Pt 

‘?k 
I 

0 

PPh3 Cl CL 

c-e) 

Neither palladium(O) nor platinum(O) bis(tricyclohexylphosphine) 

complexes react with pure CO2. Eiowever, in the presence of a trace of water 

reaction (23) occurs, presumably by CO2 attack on [HPt(OH)(P(cych)3)2], formed 

by oxidative addition of water [493]. 

CPt(Plcyoh)3)21 + CO2 
"2C 

PC cych j3 

>Ei-Pt-C2cm 

I 
PC cych j3 

(23) 

The prepaxation and reactions of complexes of the unusual ligand 

Me3C(Me3Si)NPMCMe3 have been reviewed. [PtL3] is prepared from [Pt(cod)2], 

and molecules of L may be displaced by addition of Ph3P. fn [ptf3] a dynamic 

process observed 

1,3-shift of the 

in analogous Ph3P 

in the NMR spectrum at room temperature involves the 

trimethylsilyl group. Ligand replacement is much easier than 

complexes (reactions (24) and (25)) [494]. 

CptL31 
Ile3C(m3Si)~~3 ' 

S 

124) 

CPtW'Ph3)2 1 
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Another ligand with an EI~* phosphorw lone pair ia 

which reacts with [Pt(PPh3)2(C2H4)] to displace ethene 

(mpe0ityl)P=CPh2, 

and yield the 

mixed-ligand complex. In the solid state X-ray diffraction indicates 

ql-coordination, but in solution the 31 P WMR implies a dynamic process 

involving q*-binding [495). 

Reaction of Li2[PhP=PPh] with c~s-[ML~C~~] (L2 = (PPh_,)* or dppej M = Pd 

or Pt) yields [M( PhP-PPh)L2]. With this ligand X-ray diffraction shows 

q*-ooordination and 'JpPt for the diphosphene is only 280 Kz, mmpared with 

the 3OOO-4000 Hz typical for platinum(O) complexes of triaryl phoxphines 

14961. 

X-ray crystallography was also ulaed to show that [Pt2(p-dm)3] has a 

lnammne structure, with trigonal planar coordination of platinuw and 

approximately Cgh symmetry; the platinum-platinum distance is outside the 

range of Pt(O)-Pt(0) bonding interactiona [497]. 

Finally it is reported that eleotrorektion of [(dppe)PdCl,] in the 

presence of an excess of dppe yields [W(dppe)2] [498]. 

5.7.3 CompLexes of Group IV donor &Ltgunds 

The ease of displacement of ethene from [Pt(PR3)2(C2H4)} has been ueed 

in the synthesis of bridged bimetallic ooxpounds (reaction (26)). The 

5 

CW~)2W~5-c~N + CW~3)2(C2H4)l’ 
rl *p,/S\*/PR3 

OC' 'CO/ 'PR 
(26) 

3 

structure of (199) was determined by X-ray diffraction; the CS is bridging but 

the CO is semi-bridging, and the dynamic process observed in solution is 

interpreted in tenne of site exchange of CO. Reaction of (199) with 

(199; M = Wn, PR3 = PPhMe2) 

(ZOO; M - Mn, PR3 = PPh2We) 

(201;M=Re,PR3~PPhk*) 
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I%3O]CBP,] yields (202), the first example of a heteronuclear bimetallic 

complex with a bridging thiocarbyne ligand [r99]. 

SMe 

CO 

(202) 

Reactton of [Pt(PPh3)2(C2H4)] or [Pt(PPh3)4] with [Sn(acac)2] yields 

yellow orange crystals formulated as [Pt(PPh3)2(Sn(acac)2)2] The value of 

1 J ptF confirms that this is a tetrahedral platinum(O) complex. Seating in 

toluene or treatment of [Pt(PPh3)2(C2B4)] with ah excess of [Sn(acac)2] yields 

the cluster [Pt2(PPh3)2(jkSn(acac}2)3] (203). X-ray diffraction reveals very 

high mlecular symetry, with the platinum atoms within bonding distance 

(r(pt-Ptj = 2.593 i). The bonding in the complex involves interaction between 

three orbitals on platinum with one orbital from each tin. Platinum(O) retains 

its d 10 configuration and the tin(K:f) atoms each contribute two electrons to 

fill the three delocalised bonding nm1ecula.r orbital8 [SOO]. 

(203) 



5.8 PALIADIow AND PLATINUM cf.usmRs 

5.8.1 Wttnertc clustarJ 

Photolysis 

by precipitation 

presence of the 

of CM =‘h3 ),( c20+ 1 I 

With NapFp gives 

bridging hydride was 

under a dihydrogen atmosphere followed 

C~3(PPh3)3(cr-P~2)2(cr-R)lC~41. me 

established spectroscopically, and the 

rest of the structure detennined by X-ray diffraction [501]. The CO bridges in 

clusters of various nuclearities including CPt,W-W3(PPh3 )& 

EPt4(w-CO15(PWepPh)41 and CP~,(P-~~)~(CO)(~P~_, ),I may kr readily replaced by 

=; 2 CO and SO 2 are comparable as bridges. The (Pt,) cluster gives 

[~5(~~)2(~-502)3(~)(Peh3)41, the structure of which was determined 

crystallographically [502]. 

Fonnation and isolation of [H,Pt,(dpee),] + by treatment of the 

[Pt(dppe)( 3,5-dimethylpyra~ole)]~+ dication with K[BEi,] relies on the leaving 

group ability of the pyrazole. 'phe same complex is also fomed by K[Bfx4] 

treatment of I(dppe)Pt(p+H)2Pt(dppe) 12+ or C~3~2WPh=)21W~h41. ‘, - 

spectroscopy suggests that the hydrides am mobile; n is probably 5, giving a 

formal oxidation state of +2 to platinum [5033, 

Polynucleax complexes of palladium with phosphine modified silica were 

studied byxpEs. As the nmiberofpalladiumatoms in the clusters P WnX2 c3 

increases from 1 to 10 the palladium oxidation state is reduced [504]. 

[Pt3(~-Co)3(PBt3)g] deposited on alumina is a hydrocracking catalyst [505]. 

5.8.2 Tetramertc ctusters 

The two tetrmric clusters reported this year both hawe the butterfly 

OT open tetrahedron structure. Reaction of W(OBC)~ with CD and R3P in the 

presence of NaoAc/BQAc gives [Pd,(oO)5,(pR3)4], in contrast to the reaction 

without excess ethanoate rJfiich y&elds [Pd,,(a>),,<PR,),] [506]. Yet another 
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report on this reaction, this time conducted in tfaK/propanone yields 

[Pd,,(CO),,(PRS),], [PdL2(CO)17(PR3)5] and the higher nuclearity species, 

tPd13WV15(~3)5J and IPd,,P)lsWR3)gl~ the proportions depending on the 

Pd:P ratios. The structures of the clusters are not specified but all show 

both terminal and bridging Co stretching frequencies [507]. 

[HZPt2(IL-H)(CL~~)2]CPF6] is a precursor of a very active catalyst for the 

water gas shift reaction. The carbonyl hydride (204) is formed on treatment 

with CO and undergoes facile oxidative dimerisation to (205), the butterfly 

structure of which was established crystallographically [508]. 

Ph PAPPh 2 2 

I I 
t-i-pt-----Pt-CO 

I 
Ph;! PvPPh2 

(204) 

(205) 

5.8.3 Rtgher nucLeartt~ cLusters 

Hydrogenation of alkenes in the presence of Pd(OAc)* or 

I~W'h3)WW212 and their derivatives is ineffective if dioxygen is 

rigorcusly excluded. The effect of the dioxygen is in generating the "true 
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activ% sp%ci%8" which is normally a (Pd5J cluster of unsp%cified structure. 

One of the rather imaginative pathways proposed is shown in reaction (27) 

[509,510]. 

Pd(OAc)2 + phen R* 
‘. f Cf~p-)2(~)I,l 

O2 * 

~~~o~~~)*~~2~~~c~cl~ 
=2 

-----+ E t~~(~n)*~~}~~l (27) 

Rydmgenation of altiehydes, ketones, alkenes and nitriles in the 

presence of [BuqN]2[(Pt3(#)6J10] was studied by IR sp%ctroscopy. R%duction of 

me cluster yields, thrOUgtr several stages, CIPt3W),l,12-, which 

sdsmquently adds molecular hydrogen [511]. 

5.8.4 E%t8ronuc~%ar ctustbrs 

Interest in palladium and platinum containing heteronuclear clusters has 

increased considerably this year, with structural studies still doa&#ting the 

publishes reports. In particular, the range of platinum Containing boranes and 

carboran%s has been considerably %xWnded. Reaction of cts-[Pt(Pn%,_p )2c12] 

with 4-Me2S-7-BBO-arac?nw-BgK12 yields the expected aracmo-platinanona3xmme 

[{~2P~)2P~9H~~~], tog%th%r with a small amount of L(~2~~)2E*~~*~. nhe 

latter compound, charactexised by x-ray diffraction, consists of four-msrtex 

and eight-vertex subclust%rs (Pt2B2] and (Pt2B6) joined at the Pt-Pt bond, and 

can b% regarded as an tsu-arachno4iplatinad%caborane [512]. ?@%z% unercpected 

products vmr% isolated from the reaction of [Rt(PMe2Ph)2C12] with the 

deprotonated anS-i-r of B#22. Ae well as [(~2PM)2Pt'rP-antt-gleK20], 

torr, further products were formed. One of these is a novel p,q',~2-isomr in 

which {Pt(PH%2Ph)2) bridges two edga linked (B~O}-clust%rs. and the ether % 

nom compact green ccmpound. By X-ray diffraction the latter, of formula 

C(=2=WqPt2B1s=x61r - shown to possess the novel confacial 

conjuncto-borane unit, (B1&J, q*-bond%d to on% (at(PN%2Ph)2} unit and 
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rp. q2- to the other. Use of s~n-[B~~H22] yields a third isomer of 

[(We2PhP)2PtBleE2C] [513]. The first exanqle of a contiguous seventeen-vertex 

cluster species is formed by reaction (28). The product involves a n&do 

eight-vertex (PtB7) subunit and a n&do-{PtE$C} cluster conjoined With a Pt-B 

vector as the common edge 15141. 

4 

At~chno-[(Ide~PhP)2PtB~H~~]- [7-(ne2Php){7-ptB1681e-9'-(~2ph)J 1 (28) 

Carboranes are alSO reactive, yielding carbaplatinaboranes~ 

reaction (29) involves the double insertion of a platinum nucleophile 

into a ctoso-carborane 15153. Ntdo-[9,6-(Ph3P)2PtCB&i12], formed frm 

IPt2~~-w~t3)41 + cZoso-[2,9-We2-2,4C2B586] ) 

~4,4-(Et3P)*-l,7-Me2-lr4,7-CPtCEi5E5] + 

[1,1,6,6,-(Et3P)j4,5-We2-X,4,5,6-PtC2PtB5Ei5] (29) 

crcchno-[4-CBgH14] and [Pt(PPh3)4] undergoes insertion of boron into a CB bond 

to yield (206) [516]. Potentially still more complex are the reactions of 

metallccarboranea. Ineertion of (Pt(PEt3)2} into [H2Fe(2,3-We2-2,3-C2B4Ei2)2] 

yields (207). This is an area capable of considerable development in future 

years; few mechanisms are defined with any certainty and there are few 

systematic guidelines for predicting the outcome of specific reactions [5173. 

Bridged bimetallic W-Pt complexes have again provided the source for a 

wide range of new bimetallic and trimetallic compounds. Carbonylation of (208) 

gives a mixture, the composition of which depends on PR3 (reaction (30)). When 

R3P = Ph2MeP, only the trinuclear complex is produced but all three products 

are formed with Me3P. (210) has a butterfly structure in the solid state and 

is related by the isolobal analogy to [b4Pt2(L(-==m] 15193. 
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(206) 

(2M) 

RWW.on of (208) with [Fe2(CO)gl gave a mbcture of the three related 

ClUete= CF~tw(Ir3-cAr)(~~)(co)5(pR3 )2~I. Cpe~w(~3-cAr)~~)6(~R3)cPl and 

CP~tra(P3-cAlr)(~)5(PR3)2cpl. The longeet recorded R-W dletance (2.883 A) wae 



determined in [FePtw(~3-C&.r)(CO)5(pMePh2)2cp] (212) [519]. The bridging 

carbene complex (Zu) reacts with u-donors (PMe3or dppe) to replace cod, but 

with K-acceptors such as CO or Me3CNC, metal-metal fiesion occurs and the 

products isolated are stereoisomsrs of [Ptg(~-C(OHe)Ar)3L3] (reaction (31)). 

For L = CO the isomers are separable and the non-symmetric compound was 

studied by X-ray diffraction [520]. 

AT 
Ar 

(208) (209) 

CP 
I 

PR3 

I / 
Ar 

+ cp 
-w -+& 

PR3 CO I 
co 

“NO 

(30) 

(210J (211) 



co 
Kqp -Pt(cod)- /One 
_x WcD16 + c0cm-c 

\Ar 
--7tcimer 

Ar 
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(31) 

[Pt(PPh2C1)2C12] reacts with Na[14n(CO)5] to give a range of products 

(reaction (32)). X-ray crystallography of (215). (216) and (217) shows that 

platinum ia pentacoordinate in an approximately square-pyramidal environment 

[5211. 

[Pt(PPh2Cl)2C121 + Na[m(co)5J.(OC)5EIn-Pt-~(CO)5 + *2p\ ,PPh2 

b 
(004b '-~An(CO)4 

(U4) (W) 

ph2 
+ *2P\ptJp\ 

Ph2 

I MmO)* + Ph2p\ 
(oc) ml’ ‘P’ I 

=lP\ wco)q 
PC-q (32) 

4 
I Ph 

@c)*&--- 'P' ‘Pp’hz 

E 2 ph2 

(216) (217) 

The lability of ethene in [P~(PP~~)(c~EI~)~] is utilised in its reaction 

with CPe3(~--a)(fiW)(co)lo] to give the distorted tetrahedral 

[Pe3Pt(~3")(83-C013e)(C0)10(PPh3)]. In this cluster COB&e bridges (Fe,} and 

hydride brrdges the {Pe,Pt) face 15231, A platinupn insertion also occurs when 

C~2Wdppe)l CR = m 01: @@a) reacts with cOs454(WL21 to give 

[OsgH2( Co ) L2Pt( clppe ) 1. me structure of the product is not known 15223. 

The requirement for an open cluster framewrJrk in catalysis yws 

highlighted in 

ethene reduction 

inactive [524]. 

a comparison of polymer-supported 1C02Pt2(Wgl and 

The fofiaer has an open butterfly structure and is active for 

at 1 atm/xlOO OC, but the closed (PtOe3) tetrahedron is quite 
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Ethene is mote readily displaced from platinum(O) than cod aa Shown in 

the reactiOns (33) and (34) with [Rh2(@O)2(q5-c5Me5)2]. The structure of 

(2I.e) (Figure 1) shows D2d symmetry as predicted by degenerate perturbation 

theory, the rhodium atoms forming a paeudotetrahedron [525]. Reaction with 

(33) 

Figure I CqStal StnZbAYe Of [PMh4(~-ca)4(q5-C5~5)4~ 15261 

[Pt(PPh3)2(C2R4)] gives a complex raixture of which the main caoponent is 

(220)‘ structurally analogous to (219). (220) is also formed, in much better 

yield, in the reaction with [P+z(PP~~)(C~K~)~], which also produces small 
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-t&s of C*,( Cr-co ),( @h3 j3 I. 

fission and the formation of 

Carbonylation of (220) leads to metal-metal 

(Pt,] and [Pt,} clusters [5261. Both (219) and 

(220) are protonated by H[BF4] along a Pt-Pb edge to give (221). At low 

temperatures and in the solid state the structure is non-eymePetric as sham, 

but at room temperature the hydrogen shifts from one platin~rhodium bond to 

the other with an activation energy tanging from 49.3 kJ mol-l for (22111) to 

58.1 kJ mol -1 for (221~). Since 'JPtH is temperature 

Proposed that the aynamic process involves 

(Rhp(cD)2(n5+Z5Me5)} fragment about an axis from platinum 

the Rh-Rh bond [527]. 

CO 

independent it is 

rotation of the 

to the midpoint of 

CP- 

(220) 

I 
CP 

(221a; L,L’ - co) 

(22lb; L - Cc, L' - PPh 3 ) 

(22lc; L,IA' = cod) 

The cluster [PtRhlON( pco)lo(m)ll]3~, Prepared from CRh6N(CD)151- and 

cptRh4(~)1412-, has the highest known metal to interstitial atom ratio 

[528]. 

Treatment of CPt3WW3(PR3 ),I with metallic mercury gives 

[(Pt3Hg(p-C0)3(PR3)3)2], in which the two triangular [Pt,} units .are each 

capped by a mercury atom. The (Iig2)2+ unit has a long, weak, metal-raetal bond. 

The binding in such species derives from a linear combination of one empty 
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u-type orbital of each (Pt,) fragment and the filled Sg 6s orbital. This gives 

one strongly and one weakly bonding molecular orbital, both filled. The we* 

Sg-Eig interaction arises from the non-bonding character of the Hall) between 

these two atoms [529]. Reduction of cts-[Pt(CNR)2Cl2] by sodium amalgam in the 

presence of an excess of isocyanide gives three products (reaction (35)). The 

cts-[Pt(CNR)2Cl*] + R@?C- Cwt6(~)127 + w,Um121 + Pv@w51 (35) 

structure of [HgPtS(C7!m)12] was shown to involve two triangular (Pt,) units 

each with three bridging and three terminal isonitriles, joined by mercury. 

The two trangular units are nearly but not quite eclipsed. Reating in toluene 

gives IPtg(~)61 and mercury metal [530]. 

[WPPh3 j3 1 undergoes oxidative addition of [BrEigF&(CO)5] to give 

[Br(Ph3P)2PtRgRe(CO)5]. With the analogous manganese species, mercury is 

readily lost to yield the bimetallic species [Br(Ph3P)2Ptk4n(CO)5] and Eg 

metal. With [Pd(PPh3)+] a second oxidative addition is possible yielding a 

palladim(IV) species as the final product (reaction (36)) [531]. 

CW PPh3 ),I + C~rA~( CO J5 I- lBr( Ph3P LpWfn( co j5 1 H 

CBr(Ph3P)2~(~)51 
IBCUW~)51 ,wq 

) Br2( ph,P 12m, (36) 
wmC0)5 

5.9 CZPALYSIS BY PAILRDIUM AND PLATINUM CXMPLEXES 

5.9.1 Hydrogenatton 

Palladium and platinum complexes were among those studied by Vaska in an 

extensive survey of dihydrogen addition. Reversible formation of an MS 
2 

intermediate is diagnosed by the abilty to interconvert ortho- and 

para-hydrogen. [Pt(PPh3)4], [(Ph3P)2Pt(02)] and [P~(PBu~)~C~~] were all active 
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but CWdPW21 and 

species is crucial for 

were not. The formation of a {P2Pt} 

dihydrwn addition and the chelating biphosphines do 

not dissociate easily. Reaction (37) is mechanistically more demanding, 

requiring the ability to activate two dihydrogen molecules at the same centre) 

only [Pt(PPh3)3] and [(Ph3P)2Pt(Oz)] were able to catalyse this process [532]. 

Ii2 + D2 d2ElD (37) 

Many of this year's reports on alkene hydrogenation relate to the 

activity and stability of catalysts Wbilised on polymer supports. Silica 

supported poly(oinylpyrrolidone)palladium(II) is an active and selective 

catalyst for alkene reduction at 25 W/l atm. XPES shows that palladia is 

chelated by nitrogen and oxygen [533,6343. Phosphi ne-mdified silicas loaded 

with palladium and platinum are similarly active [535,536]. other active 

species include FdC12/polyaminochloroquinone and PdC12/polystyrene [537,538]. 

The species formed from PdC12 and trialkylamines contain W-N bonds and 

catalyse reduction of alkenes to alkanee. Reduction of diphenylethyne gives 

95% c&s- and 5% trms-stilbenes [539]. Arenes inhibit reduction of 1-hexene in 

the presence of Pd.5 by displacing adsorbed substrate 15403. 

Non-empirical pseudopotential calculations for [liPd(C2E4)C13]2~ suggest 

that the mechanism of reduction involves collapse to planar [C2H5PdC13]2- 

15411. 

(222) 
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Palladium and platinum CompleXes on eupported (222) catalyze reductive 

am&nation, yielding RCH2NHPh from RCXO and nitrobenzene [542]. Ew-o)2C1* I 

and [( 2+methyl-3-hydroq-4-pyrone)2Pt] are also active catalysts for the 

reduction of nit roarenes [543]. 

Various palladium ccmplexee suppcrted on silica are active for the 

reduction of sulpholene and thiophene [544]. Polyamide-66 treated with 

A2[PtC16], K2[PdC16] or RhC13 at 100 OC for 30 minutes and then reduced by H2 

at 160 OC gives a species in which the metals are present as small 

orystallites on the polymer. This provides a catalyst for fairly selective 

reduction of benzene 

[545]. 

A law conversion 

to cyclohexene, the latter being very weakly adsorbed 

of dihydrogen and dioxygen to Zi202 is achieved in the 

presence of [Pd(P(c6F5)3)2clp] [546]. 

5.9.2 Carbon monostde reacttom 

Selectivity has been the watchword in studies of alkene hydroformylation 

and hydrocarboxylation. N-vinylphthalimide gives an n:tso ratio up to 

83.6x16.5 in the presence of CWPPh3)2C12 l/SnCl, (reaction (38)). When 

dibenzophosphole replaces PPh3, 98.5% of the product is linear, though 

(38) 
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conversion is lcw [547]. Up to 99% linear aldehyde is obtained by 

hydroformylation of I-alkenes in the presence of PtC12/SnC12/chelating 

biphosphine [548]. A combination of alkene isomeriaation and hydrofonnylation 

gives linear aldehyldes from internal alkenea in the presence of 

[Pt(PR3)2(CO)ClJ+/SnCl2 [549]. Quite spectacular enantimr excefsseswere 

reported for the hydroformylation of styrene in the presence of 

ptCl*/SnCl*/(223) (subseguent 

0 PR2 xc 0 PR2 

somewhat exaggerated) C5503. 

more detailed studies have shown these to be 

(223; R - Ph or R2 - dibermophosphole) 

Oxidative hydrocarboxylation of styrene yields 

methyl cinnamate and I-phenyl dimsthylsuccinate [551]. Somwhat unselective 

hydrocarboxylation of ethene to propanoate occurs in the presence of 

[Pd(PPh3)2C12] 15521. In the presence of FdC12/CuC12/FPh3, EKbCCH CFI OH 2 2 is 

converted to the correspohdihg aarethylene lactone in excellent yield. Under 

the same condition6 SCvCCS20E gives a polyoaer vta interaPolecular reactions 

[553J. 

Carbonylation of 2,4-dinitrotoluene in the presence of 

[Pd(py)2C12]/E4SiMo1204 give8 the bis( isocyanate) in modest yield [554]. When 

nitroarene carbonylation is carried out in the presence of ethanol ad the 

catalyst is [Pt(PPh3)2C12]/SnC14, the product is ArNXCOOEt. In contrast to 

alkene carbmylations Sri(W) canpounds are much better cocatalysta than Sn(r1) 

species [5553. A useful alternative to the Friedel-Crafts reactsOn for 

deactivated arenes is provided by reaction (39) 15561. 

R.rf#2X + CO + R4Sn 
w*)* 

)hrCOR 
55-90% 

(39) 

Palladium catalysed carbonyIation of asirine (224) gives the intriguing 
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dimrisation to a p-lactm (225). The mechanic proposed involves ring opening 

followed by CO insertion, but is clearly still euwzwhat speculative [557]. 

R 4 R' + co 
ii 

(224) 

[Pd (Pph,),+] 
0 
&He, 40 ,I atm 

50 - 60 “lo 

(225) 

Carbon ramoxide insertion combined with amine attack has provided 

precursors to both anthramycin (reaction (40)) and diazepam [558,559]. 

CH20Me 

Copolymerisation of ethyne and carbon mmoxide occurs in the presence of 

C~W’L&-)ICB~~I~~ under much milder conditions than those previously 

?Zported [SSO]. Both carbonylation and polymerisation are said to occur using 

PdBr2/( Pho)3P/Rtxi,/mc ils catalyst system, but aelectivitiea are unpredictable 
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Reaction of RagCl tith carbon wmoxide in the presence of [PhPd(PPh3)21] 

gives up to 99% yields of R2CO [ICZ]. 

Platinumrruthenium bimetallic chustsre supported on silica are prepared 

tn sttu fKn R*[PtCl,J and Rucl3. They act as tihanation catalysts, but the 

turnover decreases as the proportion of platinum increases, implying that a 

Pt-Ru site is not as efficient as the Ru-Ru site 15631. 

Decarbonylation of (226) is catalysed at high temperatures by 

[W(Pph,)4] or PdC12 15641. 

(226) 

5.9.3 actdatcon 

The oxidation of saturated hydrocarbons in the presenm of 

~4/~2~4/C~21+ in 50% =2=4 has been reviewed 15651. Potential 

applicatious of the W(II)/W(IV) couple in catalysis of oxidation have been 

discussed [566]. 

Most of the reports on the Wacker oxidation of ethene to ethanal give 

only minor refinements to the conditions used [567-5691. A study of the 

apechanism of reaction (41) shows that oxygen is trensferred from nitrate to 

the carbonyl group 15701. Further oxidations of l-alkenes to aethyl ketone8 

3C2H4 f 5rioAc + 2LiNo3 
w-J3, 

~~~3ff0CR2CF120Ac + 2LiOAc + 2N0 + ?I20 (41) 
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using PdCl2/CuCl2/02/dmf have been reported [571-5741. Butadiene is oxidised 

to fur&n in the presence of PdC12/TeO~Nli4V03/A1203 or PdC12fieteropolyacid 

[575,576]. 

TWo papers report oxidation of l-alkenes using Me3COOA. Some of the 

methyl ketone is formed but the major products are esters or acids. oxidative 

addition of Me3COOH yields species of the type (227) which undergo reductive 

elimination to esters 15771. 

Both palladium(I) clusters and palladium(O) complexes participate in 

arene oxidation catalysed by WSC4 [578]. The ion pair complex is the active 

catalyst in oxidation of cyclohexanol in the presence of 

Pd(OAc)2/Cl-/K+/l8-crown-6 [579]. oxidative dehydrogenat ion of cyclohexanone 

in the presence of [Pd(O2CCF3)2] yields cyclohexenone [SSO]. 

5.9.4 Other addtttons to a&kenes and aLkynes 

Platinum complexes have provided many catalysts for hydrosilylation; two 

new examples are shown in reactions (42) and (43) [561,582]. 

CH2-+CHUi2C1 + HSiCl 
CW =‘h3 J2C12 1 

3 
f C13Si(CH2)3C1 (42) 

100 '=C, Bh, 82% 

~3W2)3~==Cl12 + =mw, 0-Y (EtO)3Si(CH2)5CH3 (43) 
100% 

Addition of DCN to terminal and cyclic alkenes in the presence of 

palladium(O) complexes of chiral pbosphines has been shown to be 
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stereospecifically cts [SW]. 

New carbon-carbon bonds are produced in addition of CH2N2 to alkenes 

catalysed by Pd(OAc)2 (reaction (44)) [584] and in addition of Cl3CX (reaction 

(45)) 15651. 

R1cH(oR)c(R2)-ai* + c13Cx 
m=)2 

3 R1COC8(R2)CR2CC13 
(2_methylphenyl)3P/base 

A number of palladium catalysed addition reactions involve attack 

(45) 

of a 

nucleophile on a palladium alkene cunplex fomad tn sttu. Examples reported 

this year include oxygen 15661, sulphur (reaction (%)) 15871 and inter- [588] 

and intra-molecular reaction8 of aminem (reaction (47)) [589,590]. Both ring 

opening and attack of amine occur in reaction (48) [SSl]. 

m2-CR -2+mSi 
W(acac)21/Irh3P/Et3m 

951, thf '=2-J 

70% 

+ ==v=3)-2 

30% 
(46) 

R’ NH;! PdCl, 
R-_Cz+&J A 

bH a4 01~ 

R‘ 

kk 
i 

R 
(47) 

R 

R’ 

pdcPPh3),l ,iNaR, 
+ R2,Nl-l - 
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Carbanions are also suitable nucleophiles and bensylmagnesium bromide 

reacts with N-vinylacetimide to give, after reduction, M-acetylemphetzunine 

[ 5921, Enolate anions, usually formd tn sttu, give similar reactions (for 

example, (49)) /593-5951. 

SiMe, Pd(OA& 

(49) 

Eydrochlorination of ethyne occurs in the presence of Pd(ff) and Rg(fI) 

5.9.5 

PdCl 
2 

Isontertsatton 

l-Allcenes are iscnnerised mainly to trans-2-alkenes in the presence of 

C597). whilst the use of [wt(PPh3)3][C104] gives a predominence of 

cts-alkenes [59e]. 

Opening of the three membered rings and formation of a n-ally1 complex 

is the first step in reactions of (228) and (229), both of which yield (230) 

in excellent selectivity in the presence of PdC12/A1203 [599]. The mechanism 

of reaction (50) is not understood in detail [600]. Cyclopropane rings may 

also be opened under mild conditions where this leads to the formation of a 

v-ally1 compkuc [601]. 

(228) (229) (230) 
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(50) 

Thermolysis of S-allylthioimidates gives sulphur to carbon 

rearrangement, but in the presence of W(OAC)~ the ally1 group migrates fram 

sulphur to nitrogen (reaction (51)) [602]. Almaat complete chirality transfer 

occurs in the Cope rearrangement of (231) in the presence of cw-)2=121~ 

the senae of the asymetric induction being the same as that in the themal 

reaction [603]. 

NMe 
S 

NHMe 

42% 
(51) 

EMeCN)2Pdc’2j Ph$.H + 3j, 
H 

70*/o 30 “lo 

(231) 
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1,344lkyl migration of l-alkenyl ethyl acetals occurs in the presence of 

[(MeCN)2PdC12] and [(diene)PdC12] (reaction (52)) [604]. 1,8-Migration of 

ethanoate in (232) proceeds with retention of chirality, yielding a key 

intermediate for the preparation of l2-hydroxyprostaglandins (reaction (53)) 

[605]. 

k3 

(52) 

5.9.6 ALLyCtc substttuttin 

There continue to be very many reports of the nucleophilic substitution 
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of ally1 derivatives in the presence of palladium(O) 

vta the fonnation of palladium ally1 cuuplexee 

complexes. The6e proceed 

(reaction (54)). Sirmple 

eubstitutions of this type have included +dicaybonyl anions, amines, a-1 

tin compounds and a-nitro 8niona a8 nucleophiles, and ethanoate, nitro and 

hraroXylleaving group6 [606-6123. 

/y/x Pd(o) ) &cp N” ) PJNu 
Pd+X- (54) 

nuch attention ham been focused on various aspects of selectivity which 

may be achieved in this type of reaction [6133. Ethanoate ie comiiderably 

eaaiertodisplacethanhydroxyland reaction (55) is alem sterewelective, 

giving 75% Z product from Z starting material [614]. 

- 
HO OAc 

(55) 

The umal stereochemistry of substitution using stabilimd enolatee is 

retention, vta a double invercrion (reaction (56)) [615]. Barever, with an 

alkenyl alane as nucleophile the first example of inversion (up to 95%) was 

nated, possibly vZa tr ansmetallation [616]. 

Rsgioselectivity hes been studied by other group8. In reaction (57) the 

branched product is formed under conditione of kinetic control with (233) a8 

the major product from themodynmic control [617]. In general, since the 
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ally1 complex may be formed from two isomeric ally1 derivatives, both of these 

give quite similar results on substitution [618-6201. 

COOMe 

COOMe 

(56) 

OAc Ts 

(233) 

(57) 

The regiochemistry of intramolecular allylic substitution i8 

particularly intriguing, with a general tendency to form the larger and less 

thermodynamically favourable of two possible rings (reaction (58)) [621,622]. 

Ally1 carbonates also yield ally1 ccmplexes on treatment with 

UWPPh2)41. Decarboxylation occurs readily and the alkoxide couples to the 

ally1 complex (reaction (59)) 16231. *Iceto ally1 esters decarboxylate by a 

similar route, and the enolate anion then attacks the palladium ally1 ccxplex 

(reaction (60)) [624,625]. The ease of palladium catalysed cleavage of ally1 

eaters, carbonates and carbemates has lead to the use of the ally1 group to 
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mCC)rMe @Pd(pph3)z, 

OAc 2 

COOMe 

SO+=% + 
P 

COOMe 

major 
S02Ph 

(58) 

0 kd (PPh3 )d 6 
RO -; -()/\// 6 R-O-CO; + &El 

/\ 
Ph3P PPh3 

b 
RO- - RO-+ 

I 
/Pe” 

+ co2 

Ph$ PPh3 

(59) 

(60) 
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protect acids, alcohols and amines [626]. 

Reactions of iminoesters such as Ph2C=UCFf2COOEt have also been reported 

[627]. 

5.9.7 Oxtdatlve CoupLLng of arenas 

Publications reporting palladium catalysed oxidative coupling of arenes 

continue, differing only in their selectivities (which are largely predictable 

and determined by the rate controlling step of ArPdX formation) and the 

oxidising agent used. Perchloric acid [628] and [T1(02CCF3)3] [629] have been 

used as oxidants. The cross coupling of reaction (61) was used in an approach 

to the total synthesis of muscimol [630]. 

OTs 
Pd(OA&/02 

OTs 

+ PhH T 
CutOAc), d mso 

/ 

5.9.8 Coupttng of carbantons wtth haLldes 

The range both of organometals and substrates for the general reaction 

(62) has been much increased this year. Grignard reagents couple to aryl 

*.pJ II 

R-M + R'X FRR'+MX (62) 

halides in the presence of [Pd(PPh3)4] [631]. EIalide and [SPh]- are 

successively substituted with gocd stereochemical control in reaction (63) 

[632], and vinyl phosphonates are also suitable substrates 16331. Optical 

yields in asynmnetric coupling reactions continue to increase [634] and the 

first direct synthesis of chiral silanes in good enantiomer excess is 

exemplified by reaction (64) [635]. 
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&IX 
Br-CRq-SPhpRlCH-CE-SPh 

R2W 
,R1C5CHR2 (63) 

WWPh3)2C121 CNi(dppe)C12 1 

Br 
+ Me,Si 9Bf- ) 

Ph 

Phz 

R2 H 

(64) 

A.ryl zinc halides react with RX in the presence of [Pd(PPh3)4J to give 

ArR, where R is aryl, vinyl or heteroaryl [636]. Acyl halides are also 

reactive in the presence of [Pd(PPh3)2C12], the reaction in non-polar solvents 

in the absence of catalyst being 

superior to 

vinyl alanes 

its nickel analogue 

with benzyl halides 

M eKH&, + PhCHzCl 

AIMe, 

extremely sluggish [637]. WKpPh3)41 is 

in catalysing the stereoselective coupling of 

(reaction (65)) [638]. 

[&‘Ph, ‘“i 
92 Olo 

M&H&, 

--Ph 

organ&in nucleophiles have become increasingly popular in several areas 

of organic synthesis, and coupling reactions are no exception. Tin emolatea 

(65) 
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react with aryl halides (reaction (66)) [639]. Bu3S"B gives a clean, high 

yielding hydrogenolysis of acyl halides in the presence of IPdWh3 ),I 16al. 

DiaJkyl mercury compounds, R2Rg, react with R'X in the presence of 

[PhPd(PPh3)21] to give R-R* in excellent yield; without the catalyst ham 

coupling to R-R is extensive [641]. 

Bu3SnCHzCOCH3 + ArBr 
I W ( =mmwphewl I 3p )2clz 1 

~-2-3 (66) 

Alkynyl copper compounds to be used in coupling reactions are usually 

famed from l-alkynes tn sttu. R*-CMZ<u is coupled with RX (R - vinyl or 

aryl) in the presence of [PhPd(PPh3)RI] or [Pd(PPh3)4] and a quaternary 

amonium salt to give R'-CaC-R. The reaction is very stereoselective with 

vinyl halides. Without the quaternary amonium salt the diyne R'-CcC-C!'aC-R' is 

the major product 

(2%) occurs in the 

16443. 

[642,643]. Read-to-tail coupling of the dienynoyl chloride 

presence of [Pd( PPh3 )2C12]/CuI/PPh3/Et3N (reaction (67)) 

n 

(234) 

(67) 

Organcboranes may be regarded as derivatives of metalloids and, as 

expected, react with aryl, alkynyl, vinyl, ally1 and be-1 halides in the 

presence of [Pd(PPh3)4] (reaction (68)) [645-6471. 

(EtDCH=CH),B + AitX 
IW=‘hj)4J 

)AIzCWCmEt (68) 
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5.9.9 Other coupZtng reacttons 

The studies 

coupling reactions 

Scheme 10 shcrus 

[648-6501. 

'pwo more 

been reported 

that palladium 

A 

of Reck and his coworkers continue to add to the range of 

of unsaturated compounds catalysed by palladium complexes. 

a few ofthe manyproceesee reported or extended this 

cycloaddition reactions involving methylene cyclopropane have 

by Binger's group (reactions (69) and (70)). Precedent suggests 

trimethylene methane cumplexes are the intermdiates C651.6521. 

+ R,+++,--COOMe Pd@ b&,,(Me,CH)3 

R COOMe 

(69) 

Pd(dba)2/(Me2CH)3 P 
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+ J+-Jf-y” + (-J&r 

30 O/o 

B1- 

d + _CWMe Pd(OAc), PPh,? 

Et3N 

\‘ 

7G0/o 

+stweoisomers OOMe 

CN 

I 

+A 
Pd(OAc),/PPh3 

79Olo 
CN 

Scheme 10 couplings of unsaturated compounds in the presence of palladium 

complexes [648-65OJ. 



A trimethylene methane complex is also involved in reaction (71)) the product 

is converted to the cyclopsntanoid natural product, albene [653]. 

359 

(71) 

Eiom coupling of arenea has been achieved using two rather different 

reactions. In the presence of W(Oik)2, -vm* gives a good yield of 

biphenyl uto PhPd(OAo) [654], whilst aryl iodides are reductively coupled by 

Pd(II)/N2H4 (reactions (72) and (73)). Yields,are low but may be improved by 

the use of substituted hydrazines as reductahts [655,656]. 

2ArI + W(O)_ AlcAr + WI2 

PdI2 + N2H4-W(0) + 281 + N2 + E12 

(72) 

(73) 

Coupling of benzene with ethene to yield styrene occurs in the presence 

of Pd(oAC)*' the rate controlling step involves conversion of a n-aryl to a 

a-aryl [657]. Cyclisation of (235) to (236) takes place in the presence of 

PdCl_+[BF4]/Et3N, but the role of the catalyst is not defined 16581. 

(235) (236) 

Reaction of ethyl acrylate with PhSeBr in the presence of 
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PdCl2/PPhJ@!a[OAc] gives J. mixture of (237) and (238) [659j. Aroyl halides 

?ePh 

&Ph 

(237) 

SePh 

Et&C 
% 

/U&Et 

SePh 

(238) 

yield cinnamates undex these conditions, The mechanism is thought to involve 

ox&dative addition of the acyl halide, decarbonylation, insertion of the 

acrylate and *hydride elimination (Scheme 11) [660]. 

Arcocl ii 1" 
W(O) ) AKPdCl-? Oc-Pd-Cl 

I---- 

CO 

B BIi+Cl- AHXlCl 

k CEI_=tXC00Et 

Scheme 11 Palladium catalysed coupling of aroyl halides and ethyl acrylate 

16601 

Other 

generality. 

presence of 

reports of coupling reactions have been scattered and lacking in 

Aryl mercury halides react in a Michael fashion with enones in the 

PdC12/HC1/[R4N]C1 [661]. K2[R$iF5] in the presence of PdC12 yields 

RE@X and a range of useful conversions has been studied (Scheme 12) [662]. 

[Pd(HeCN)4]IBF4]2 catalyses cationic polymerisation of alkynes to high 

molecular weight polyalkynes which are highly coloured and have mainly 
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tranestereochmistry C6631. 

C R-~-~5]2-+ [~/-q_/mX] 

CO/MeOH RdOOMe 
) 

Phi 
, RvPh 

-0Ac p-%.-4°Ac 

Scheme 12 Coupling reactions of [ RWHSip512- [662]. 

5.9.10 Other reacttons cataL&wd by paLl.aQtum and ptattnum compteas 

Palladium and platinum catalysed reactions have been prominent in a 

number of other axeas. X range of platinum complexma including [Pt(PPhj)2C12J, 

K2[PtC14], [HPt(PPh2)2Cl] and K2[PtC16] are catalyst8 for the chlorination of 

pentane 16641, whilst isanerisation and dehydrogenation of alkenea occurs 

using Ii4[Pt,(SnC12)6C14], or tetraalkylanwnonium salts of [Pt(SnC13)5] !I- and 

[Pt(SnC12)2C12]2- fired on alumina [665]. A mixture of platinum and chromium 

polyphthalocyaninee is also a catalyst for hexane dehydrogenation [6663. a/D 

exchange inhexane is catalysed in Pt(II)/Pt(IV) chloride solutions, probably 

uta a platinw(II) alkane complex with a pentacoordinated carbon atclm [667]. 

Hydrogenolysis of chlorinated heterocycles is achieved in excellent 

yield wing EICOONa as reductant and [W(PPh2)4] as catalyst (6681. EIydrolysia 

of ethanonitrile to ethanamide ia accelerated by [Pd(bipy)(OH)Cl), the 
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mechanism involving intraxaoleculax attack of hydroxyl ion on coordinated 

nitrile [669]. 

Caxboxylation of msthylene cyclopxopanes in the presence of [Pd(PPh3)4] 

gives lactones in good yield vta trimethylene methane complexes [670]. 

Finally in the rather curious xeactions (74) and (75), cyclic, allylic 

and bsneylic ethers axe cleaved in the presence of [RhCX2Pd(PPh3)2Cl] and then 

coupled to acyl halides 16711. 

thf + RC0Cl 
CP=B2W PPk, )zW 

)Rc=W$),Cl (74) 
R'3SnX 

PhCH2OR + CR3COCl 
cP~2Pd(Pfi3)2Cll 

1PhCIi2C1 + CR3coOR (75) 
R'3SnX 

5.10 Nm SmICsEI~c AND TJmNARYCOMPOuND.9 

Systematic syntheses for the mixec' oxides Ba3Jm0 5Rul 509 and . . 

Ba3MPt 
o.75m1*2509 (n 

= La, Pr, Nd, SWLu, SC or Y) are achieved by heating 

stoicheiametric mixtures of PaCo 3' n203 ox M 0 , 47 
Pt and Ru in air. X-ray 

diffraction reveals the solid state structures to be closely related to that 

of hexagonal BaTiO 
3' 

The catalytic activity of BgYbPt 
o.5Ru1.509 

and 

Ba3MPtRuOg (M = SQL Y or Yb) for oxidation of Co and reduction of NC was 
z 

determined [672]. The structures of two barium platinum titanates vere 

%etennined. BaTi 
0 9SPt0 12O3 is hexagonal . . and Ba4Til,91Pt0.19Pt010 is 

orthorhombic but both can be described as a close packed array of Ra and o 

atcms with titanium and platinum in the octahedral voids [673]. The structures 

of Li o 64Pt304 and co 
0 37Nao 14*3O4 were determined by neutron pcwder . . 

diffraction studies and are comparable with that of the prototype NaPt o 
34 

[674]. 

The tern24.q gemanide PdMnGe has the Fe2P structure [675], whilst MptSi 

(M = La, Ce, Pr, Nd, Sm or Cd) adopts the ordered ThSi3 structure with Pt 
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replacing half the silicon atoms [676]. 

The compounds PdM(M-Pu, 
3 

Am or Cm) are prepared by reduction of the 

metal oxides by dihydrogen in the presence of palladium metal. All three are 

cubic with the Cu3Au structure 16771. The rare earth ccmplexes with this 

stoicheiollretry adopt the sara8 structure. When RPd3 (R - rare earth) is melted 

together with boron, a single phase RPd3Bs_(x - O-l) is foraed with the boron 

body centered in the lattice. The structure is unchanged But the lattice is 

eqanded and the valence state of the rare earth altered [678]. 

Neutron diffraction studies of Pr2Pt show a aingle MgCu, type Laves 

phase system and no deviation from simple ferromagnetic ordering was detected 

[679]. Neutron powder diffraction was used to determine the structure of W6P. 

Pd6 forms triangular prisms, half of which are filled by phosphorus [680]. 
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