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January 1st 1982. 

OE of the most pressing problem of the eighties is undoubtedly energy 

andplatinurnar~3 palladiumare continuing to demnstrate their inportance in 

this field. whilst their major contribution is in the field of catalysis and 

lies outside the scope of this review, the abilityofplatinumhydrosols tc 

catalyse thepho~inducedliberationofhydmgen fromwater, aswell as the 

development of a fuel cell using porous platinum el ectrodesthatenablesthe 

energy of the oxidation of ammnia tc nitric acid to be converted directly 

into electricity, are considered in Section 1.9. Another excitingdevel~t 

in this field is the discavery that the far uv-irradiation of [M(Pl3t~ 131 

(M=Pdor Pt) in aquems sulphuric acid solution liberates hydrcgen (see 

Section 1.5.7). This is an irqmkantde~lgFprrentwhichinvolves intermdiate 

hydride complex formation, a subject that is attracting increasing attention. 

Sme of the mst significant develomnts of the past year have wms in 

the significant strides mde in understanding the ccmplexity of the %in-ple" 

chemistry of palladim(XI) amI platinum(I1). A significant contribution in 

this field has been the preparation and characterisatin of cceplexes of weak 

donor ligands suchas siqle alook~ls,ketones ardotheroxygendonors 

including perchlorate ions. These ccxplexes are vary active as catalysts for 

organictransformtions becauseoftheirenhancedabilitytc interactwiththe 

organic substrate (see Section 1.5.2.1). An&her basic area, in which 1981 

has marked great progress, is the preparation and characterisation of the 

various i sorners ofthedivalenttertiary plmsphine corrplexes,discussed in 

Section 1.5.4.10. Develqments have includedboth sbqler syntheticmutes 

as Well as the synthesis of e iscmzs. The synthesis of tertiary 

phosphine cca~@exeswithunuswlsolubilityprope&ies, bthvery high 

solubilities in non-polar solvents and solu&W.ty in agueous solution should 

further enhance the contributions that palladim(II) and platinm(I1) can make 

in the field of hcxmgmeous catalysis (see Section 1.5.4.10). 

A particularly exciting develo-t, rrentioned in Section 1.5.4.13, is 

the discovery that the P,O-bidentate ligand PPh~(CH=KOEt)-, whm ccordinated 

to palladium(II), can reversibly react with carbon dioxide through the 

formation of a C-C bund. The study of the interaction of palladium(I1) and 

especially platinm(I1) with nucleic acids at-d nucleosides (Section 1.5.3.2) 

has continued. AnwS3erofcrystals~~shavrsbeendeterminedwhi~~lp 

in the interpretation of the very aarqlex data obtain&l from solution studies, 

forexaa@eusingr@mspectroscopy. As a result, understanding of the 

interactionofplatinumamplexeswithDNA,whichis essential to an 
understamding of the mxhaniw of the action of platinm drugs in the 

che.Imtherapyofcancer,isbeccmir~~clearer. 
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1.1 PATJADIUM(VI) AM3PLmINm(VI) 

The electron affinity of PtF6 has been found to be 8.OkO.3 eV using the 

effusion mthod to study the charge exchangereacticmsbetweenPtF6andPtF4 

Dl . Non-relativistic, overlapping spheres, XcmmiLtiple scattering 

calculations have been used t0 give a amsistent interpretation of the 

ionisation potentials, electron affinities and charge transfer electmnic 

absorption bands of 5d element hexafluorides, including PtFg [2]. 

N0 papers on palladium(VI), palladium(V) or platinum(V) have appeared 

&JrMgthepastyear. 

1.2 PALLADIuM(IV) zUDPLATINuM(IV) 

1.2.7 Cumpbxes tith Grcmp VII donor Zigands 

Heating P~FI, gives very high purity fluorine [3]. KP [MB], K2 [=s=l 

and &eZ.s-[PtF+r2] can be prepared by treating K2[PtBr6] with brckne 

tiifluoride in the presence of freon [4]. DTAshawsthat PUS, reactswith 

brcmine trifluoride to form [RrF2]2[Pt&], which was shcwn to be ionic using 

"F MR spectmscopy, as wall as PtF4.7EirF3 [51. X-ray diffraction indicates 

a Pt-F bond length of 1.933 i in K2[PtF61 161. Pt-F and Pt-Cl bond energies 

in P~FsI~- and EtCl~12- have bsen detemined fmm reactions (1) and (2) and a 

study of eguilibrium (3) [7]. A neutmn diffraction study of the structural 

Na2IPml(s) + 2H2(g) -f 2NaPb) + Pt"(s) + IHP(g) AH = -160f3 k~.rml-~ (1) 

Na2 lptF.~l (s) H20+ 2Na+.aq + [PW~]~-.cz4 AH = -9.2f0.8 kJ.rml-' (2) 

IPtF612- .aq + 6c1-.aq W Etc161 2- .aq + 6F-.aq 

phase transitions in the antifluorites Rb2[PtIs] belch 65 K and [NH4]2[PtEW6] 

belckl 50 K shaws that bath become tetrag0nal, with n0 evidence for rotation of 

the octahedra, whereas the 258 K transition in [NH4]2[PtI6] is antiferm- 

mtative, with ccbhedra in successive planes mtated inopposite senses, 

acoompaniedbyatetragonaldist0rtion; the transition at 100 K tilves a 

further ferro-rotation [8]. The 35Cl IQR signals in Nan[PtC16].6H20 steadily 
hmadenasthewaterisremmed by heating, until nO signal is observed at all 

for anhydrous Naz D?tclsl 191. 
The reaction Of matallic platinum with chlorine or brcsnine is inhibited by 

surface halide formation. pddition of alminim halide accelerates the 
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reaction by rermval of the surface layers [lo]. 

A new rt-etkd for the separation of the platinum metals, involving 

liquid-liquid extraction, has been developed and installed in Johnson-Matthey's 

Foyston refinery Elll. Themtbd reduces boththe number of refining stages 

andthetim required,whilstincreasingpurityandallowing increased 

automation to be used. [Ptc1612- is extracted frcmthequeous phase using 

tri-n-octylamine, ~ereaspalladiumis~a~~withoximesin~preSenCe 

of acceleratiq additives based on organic amines [12]. 

The effect of the nature of ligands on the PtlI/Ptnr redox potential has 

been reviewed [13]. The effects of ligands on the rates of reductions of 

tmns-[Pt(en)Z~X21 (X = tram-ligand = Cl or Br; Z = Cl, Br, SCN or NOn) by 

[Fe(CN)614- (outer-sphere), Fe2+ (inner-sphere) ard [pt(NH3)~1~+ (inner-sphere), 

show that, for the inner-sphere reactions, the trans-dibrom-cxq lexesreact 

11 to 28 times faster than the trans-dichloro cxmplexes. The &s-bonded 

Z-groups affect the reactivit_yintheorderBr< Cl< SCN~NO~,whichapplies 

tobothinnel? andou~spherereductions and is probablyrelatedto the 

U-domr/T-acceptor abilities of these groups [14]. TPU?ZS-[Pt (PEt.3) 2Cl4] reacts 

with trans-[M(PEt3)2 (WC11 (M = Ph or Ir) to form bans-[Pt(PEt3) 2C121 and 

[M(~3)2(WC131 1151. 

A study of the substitution of fluoride in t~ans-[Pt(NH3)4F2]2+ by chloride 

and brmide showad that the stability of truns-[Pt(NH3)~X2]2+ increases as X is 

altered in the order F < Cl < Br < I [16]. 

1.2.2 Complexes with Group VI donor Zigands 

Poorly crystallised PdS2 and PtS2, prepared by the reaction of [Mc1~12- 

withhydrogen m&hide, are diamagnetic; onannealing, PdS2 crystalliseswith 

anorthorkmbic, distortedpyrite structure andPtS2 crystallises inthe 

hexagonal Cd12 structure 1173. The R-0 bard length in H2[Pt(OH)61 is 
2.00(3) ;; [la]. The electronic structures of K~[!?tCl6_(0H)~] (n = O-6) have 

ken calculated on the basis of their optical spectra [19]. men Koz (z = 1.55 
or 1.88) and platinum py&zr are heated, black metallic crystals of K3Pt2O4, in 

which each platinmn is surrounded by 4 omens, are formed [20]. The 
interactingkmdmatlmdhas beenusedtoestimate the aoiddissociation 

constants of platinum(IV) and platinum(II) aqua complexes [21]. 

TributylphDsphatecanbeusedtoextract~plat~~metdLsfrcmn 
hydmchloric acid solution; the extra&ability order is Ir(IV) % Pt(Iv) > 
Pd(Iv) > Pd(I1) Q Pt(I1) '>> Rh(III) % Ir(II1) 1221, Addition of sulphuric acid 
increases the degree of separation during this extraction [231. 

Triphenylphosphineoxidehasbeenused similarlyto separate platimmand 

palladium [23al. Ckmplexesofplatinum(IV) chlor@eswith 
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tri(2-, 3-or 4-tolyl)phos@ne sulphidehavebeenpreparedand characterised 
1241. H-en the sulphoxide complexes cis-PtL2Cl~l (L = J3t2s0, tetramathylene 
sulphoxide, or thioxane) are heated in the solid state, they iscmrise to the 
themudynamically more stable trans-isoner s [25]. 

The ccanplexes DL-[(P~XM~S)~(M?EBI~)] and DL-((ptxMe3)2(V)1 (R = S 
or Se; X = Cl, 3r or I; R= HorMa) are fluxional UndergOing: 

(i) ring reversal, where the energy barrier is 4-10 kJ nol'l less for 
the selenium than the sulphur heterocycles; 
(ii) chalcogen inversion, Which involves about 10 kJ rr~A_~ more energy 
thanringreversal; selenium inversion has a higher activation energy 
than sulphur inversion, althoughtheactualdifference does not vary ina 
clearly defined way; 
(iii) ligand switching and platinmrrrethyl scranbling, which involves 
about 20 kJ ml-l mare energy than pyramidal inversion; the sulphur 
coq~lexeshavelower activationenergies formethylscramblingthantbe 
selenium a~@exes [26,27]. 

[(PtXMe3)2(~)l (E=SorCH2; R=Hork; X=Cl,RrorI) are 
also fluxional 128,291, undergoing a series of 60° pivots of the cyclic ligand 
about individual S-Pthonds, andahigherenergypmcess associatedwith ligti 
dissociation-recmMnation. 

1.2.3 CompZexes z~ith mixed Group VI and Group V donor ligunds 

Heating [Ptkk~Rr(OH)(NH~CH~C00)]- (N tram to Sr) in alkali yields the 
diner (I), which, upon acidification, undergoes hy&coxide protmation to yield 

tbs aquacanplez this is followad by slow d-sition to 
1-2 (MI2CHza30) (H20)21+ (N tms to H20) 1301. oc!ebdxal axphxes, PtL2, 

have keen prepared with H2L = (2) [311. Ligands containing the thioamide-gmup 
-CS-NR- or the -NHCSNH- group reactwithH&Cl 6, in a 3:l ratio to form 
[FtL~][PtCl~] and, in a 1:3 ratio, to form [pU;~Cl~][RtL&l~] [32]. The 

1,4,7-thiazcdiazcmine, (3), reacts with F-tCl,+ to form [PtCl~L]Cl.nH20, in tiich 
the ligandbirds throughbotbnitrogens and the sulphur inatri.dentatemanner 

[331. The dianti~lthiourea, (4), extracts platinm(N) fm weakly acid, 
lytutrdl, and alkaline solution as a dithizonate ccqilex 1341. 

1.2.4 CompZexes with Group V donor Zigands 

RW-acemnt of the anions in Pt(en)alClr, and E(NH3)uF3tOW2)2PtOw3)41- 

[Cl0416 by hydmxide using a strongly basic anion Beresingave 
Pt(err-H)2(e1~2H)l and [(MI~)~(NH~)z~~(~~);P~(NH~)~(NHI)~], respecti~ly [34al, 
'J?-E Pt-Cl (2.315(3)-2.332(4) i ard Pt-N (2.05(1)-2.08(l) ;;, bond lengths in 
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fcK?-[Pt(dien)C1~]C1.H20 are norrral; the crystals areheldtogetherby 

extensive hy&ogen-bombing 1351. Platinum(IV) cmcplexes [Pt(fi)X+l of the 

bidentate ligar& (fi) = M~zN(U-I~)ZNM~ 2, Ph2P(C&)PPh2, cis-Ph2En+CHEPhz 
(E = P or As), MerA~(CH2)2~2, 2-C6&(m2)2 (Eh = kSJ’k32, Ad% Or SbPhz), 

~e~.sb(c~~)~SbMet and jSl%en)~, have all been prepared by halogen oxidation of 

the platinum(11) rL!cmplexes [Pt(L/rL)XJ. Theamine, phosphine,andarsine 
aq4exes are very stable both thermllyandinsolution,buttbe stibines 

decaqmse slowly at ambient tvature and imwdiately im solution. several 
unstable [Pt(Lr*L)I~] ccfnplexes which lose iodirae.readily have been prepared 

[361. 

1.2.5 CompZexes with Gmup IV donor Zigunds 

The displam of iodide in [Pt(CN)51]2' Py cyanide is photostirmlatf2d; 
about 3% of the starting canplex is reduced to [Pt(CN412' 1371. 



The germaTles G&X (X = F, Cl or I) react with E%z(PE~~)~H][F~P~+] 

PtG'Et3lzHz (GeHzX) I'DPhtil- Which were identified by NMR spectroscopy 

on warming, deaqmsition occurs formirq [PEtBH]+[Bphs]- and 
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to form 

at 213 K; 

trans-Pt (PEZZ~)ZH(G?HZX)I 1381. [-d&l and [Pt(OH)zMez].l.5HLI have been 

prepared by the reaction (4) 1393. 

-&&I 4NaoH H30+ 
Wm4eal + mz- m=z~zl _2NaBr * Naz P-t (OHI &a I - 

Although these reviews 

further characterisation of 

kt(OH)zMe2].1.5HzO (4) 

largely exclude organomatallic ccqmmds, the 

orgamplatinum(IV) corqqmds fornradby direct 

interactionoforganic ompmnds with HzPtCls have important irrplications for 

C-H bond activation. A methyl-platinum(IV) ccqlex has been characterised by 

lHNMRspe&rosaqy, following the interactionofnvathanewithamixtureof 

H#tCl~ and H#W_l4 in trifluoroacetic acid [40]. Platinum(Iv)-aryl complexes 

havebeenprepared similarlyand characterised fornitrobenzene, 2-nitrotoluene, 

berm&acid, acetophenoma,diphenyl, fluorobenzene, 2-d 

3-chlomfluorobenzene 141,421. By refluxing arcmatic ccqmunds with HzPtC16 

in agueous trifluorcacetic acid for a few minutes, in the case of alkylated 

benzenes and anisole, and for a few days in the case of chlomben&ne, foll& 

by colum chmmatography on ammniated silica gel, [NH41 tram- PtC140W3) Arl 

(Ar = aryl) have been isolated [43]. Single crystal X-ray diffraction of the 

his-acetoneiadducts have shmnthatnaphthalerre form only the B-naphthyl 

product @t-C = 2.05(3) i, Pt-N = 2.21(3) ; and Pt%l = 2.310(7)-2.341(7) ;) 

and 2-nitmtoluene forms only the I-product @t-C = 2.06(2) i, Pt-N = 2.20(3) i 

and Pt-Cl = 2.316(6)-2.319(6) ;;, [44]. 

Mechanical spectroscopy, inwhichasampleis subjectedtoa sinusoidal 

mchanical stress at a fixed frequency and then the energy dissipation of the 

swrplenre~asafunctionoftemperature,hasheenusedtomeasurethe 

energy of r15-cyclopentadienyl ring rotation in a series of n5-CpPtIv corrplexes 

as a function of the other ligands present [451. 

1.2.6 Complexes with l"ransition Metal Zigands 

A platinum(N) pentaamaim containing silver amide in the i.me,r 

CdardiMtiQn sphere, [~@%)4(~2%)c11r has been pm by mixing a 

saturated soluticm of Et(N?&)~(NH~)Cll[No312 with silver nitrate 1461. 
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1.3 PALLmlsJMANDmINuMoMpLExEs WITH MIXfD (IV/II) OXIDATION STATES 

surveysof the progress inmixedvalence chemistryoverthepast ten years 

[47] and of One-din-ensional metallic ccanplexes [481 have been published. The 
crystal structure of tram-[Pt(NHs)2Br2] tram-[Pt(NHs) 2Br41 has been 
reinvestigatedbecause the earlier structure Was inconSistent WithresonanCe 

Ramn spectral results. Thepresentwork shows t~~platinum sites rather than 

the single site of the earlier mrk; PI?-Br and P-t"-Br distances are 

2.485(4) i and 3.068(4) i, respectively [491. Successful refinement of the 

stmcture of [Pt~(N&cH(C&)CH~NH2)2Br61 requires all the Pt-Br distances to be 

2.673 (1) ;; [501. R!ssorlance E&man spectrosmpy has been used extensively to 

study these mixed valence complexes. Polarised single crystalspectraof 

Wt2(LG)4X21Y (Lc4L = 2NH3 or en; X = Cl, Br or I; Y = HSOr, )SO4, Cl04 or 

fPtC14) shr;rw anisotropic character and the presence of *-~~ll--~X--ptN-X*~~ 

chazins [511. In [Pt2(H2W&CHRNH2)2Br6] (R = H, &, Et or n-Pr), the 

wavemmhr of the totally symnetric v(Br-Pt? -Br) mde is independent of R, 

averagirq 171.2f0.6 cm-', indicating the highly one-dimensional nature of these 

amplexes, in which the chain mde is effectively decoupled frcan the equatorial 

ties [52j. The resonance Raman spectra of [Pt2{NH2(C?i2)3NH2 14X21Y4 (X = Cl, 

Br or I when Y = ClO4; X=az:whenY = BF4 or fCu3Br5; andX=ClorBrwha 

Y = CL&) are chracterised by the intense progression Vlu(X-PtN-X), where V1 

ranges fran 4 to 18 153,541. Asimilarpmgressionreachi~~~tobe~ 7 and 

9 V(I-Ptnt -I) is observed in [~2(Nb)i+(m)412), [~2(m)2161 and 

[=z (a) ~1~1 [ClO*ti11, 155,561. Thebsndgaps and stsbilitiesof the chains in 

[Pt2(NJ/13)aX214+ (X = Cl or Br) wsre examined as a function of distortion in 

theirunitcellgeanetries; the results lead to the prediction that, under 

kighpressure,ptnT-Xbondlengtheningmayac~ypt II-x bond. shortening, 

leading to an inoreashg similarityof the tm, that is anapproachto PtIII 

1571. The electrical conductivities (a) of [MA2][MA2X2]Y4 (M = W or Pt; 
A = en or l,3-pn; X = Cl, EW ox I; Y = Cl04 or B&) foll& equation (51, 

-EM u = uoe 

withthe activationenergyE decreasing as the ratio of the ptIv,/Pt~~~-X 

lengths appmacheii zero. This suggests that, not Only is the conduction 

(5) 

eleotricalinoriginbutalso thatitis domimntlycharacterisedbyaband 

type carrier excitation [58]. 

Irradiation of eis-[Pt(~~)~(H20)21[5043 at 254 m gives a blue platinm 

ampoundwhichisdmhedtience coI[pound, Prol+Y (5) WI. Treatzmznt of 
H$?zX6withthixlrea andotherth~ligamLs,suchasthiccaprola&am, 
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[R(en)212+ + OH’ 

1 
Pt (en) 2 (OH) 1 

D?tWdz(HzO)l 3+ -pmducts 

Et(d (en-H)1 *+-prcdu&s 

-HzO, -OH 

IPt(eh(OHh1+ 

Pt(en) 2Cll 2 + - products 

I 
E 

Q9 
+ Ptkn)2(OW212+ 

scheme 1: The TXE&%XI of D?tkn)212+ with *OH [691. 

“““\ /” 
HI / Pi0 

“3N 

\pt’ I L” 

“N’ 'N 3 

!t 

OH2 
I 

(71 N?J - ~~-2-01 

3+ 

All of these bluas are either borderlti class II-class IIL OK delocalised 

class III mixed-valentumpxkls, acaxdingtoRkin ard Day's classifi~tion 

t731. Platinum oxamic acid blue can be prepared~f?mm Kp [Pt@kh) 41 [741. 
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1.5 PmIW(II) AND pLATINUM(II) 

1.5.1 Complexes with Group VII donor ligands 

The structure of the high pressure form of PdF;!, as determined by neutron 

diffraction, is derived froma fluorite structure by a rhcmbohedral distortion 

of the cubic enviro~t of palladium, in which the six Pd-P distances are 

about 2.18 A. Below 190 K PdF2 is antiferrcmagnetic [75]. The 8-a 

transition of PtC12 occurs bet- 300 and 600 OC and involves the intermediate 

fomtion of unstable phases [761. The elastic constants of KP PtCl~l have 

been determined by the ultrasonic pulse superposition method [77], whilst the 

vibronic structure inthe single crystalpolarisedluminescence spectraof 

KZ [PtCl~,l and K2 [Pt~r~l has been analysed by Franck-Condon calculations [78]. 

The relatively am-plicated pattern of d* states, that give rise to the ligand 

field spectra of square-planar palladium(I1) and platinum(I1) complexes, can be 

rationalised by introducing an extra parameter cad into the sinple orbital 

rr&hcd,wherea ad determines the energy of the a (d 2) orbital; it arises 
ls 2 

from the ndz2./(n+1)s interaction which is in-possible in octahedral or 

tetrahedral fields [79]. The 35C1 NQR spectra of PdSeeCls, PtSe~Cl8, 

PtSezCl12, PtTenCl12, and (PtC12)n have been reported [80]. 

The thermal transformations of [LH]2[PtX~] complexes into hydxogm halide 

and (PtL2X21 have been studied for thiuronium [81], annmnim, piperidinium, 

pyridinium, and guinolinium (82,831, and imidazolium [84] cations. The 

initial product is the &a-isomer but in nrost cases this isarerises 

~tly to form bans-[FtL&12]. ThennAysis of the irnidazolium complexes 

[LH12(Pt(PhSO2)C1~1 also yields bans- EdL2Cl21, tcgeuler with HCl and PhS02H 

[851. The action of heat on [~tL~lD?i%~l to yield, initially, cis-[~t~~x~l 

has been studied for L = tetranethylthiourea (X = Cl or Br) [86] and for 

L = PPhMen (X = Cl or Br), PPhEu2 (X = Cl) and PBu3 (X = Cl or I) [87]; only 

the last undergoes subsequent cis to trans-isomisation and, in this case, only 

when x = Cl. 

The heat capacities of the green and rose forms of [Pt(NH3)4l[PtC14] have 

been measured be- 55 and 305 K. Enthalpies, entropies, and free energies 

of formation have been calculated for both forms [88]. 

The mcbnism of the electroreduction of [PtBrs12- to P-t on a platinum 

electrcck has been studied (891. 

1.5.2 Complexes with Group V_T donor tigands 

1.5.2.1 Unidentuta oxygen donor tigands 

The kinetics of the deoxposition of Pd0 have been studied 1901. =GdC7 
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and La2Pd206 have been obtained by heating La205, Ia2 (GOI,) 3, or La(OH) 3 with 

pdo, @d(~lmg)~], or [W(NH3)1,][PdC141 1911, whilst heating a 1:l mixture of 

Pd[t'03]2.2H20 and R203 at 800 'C and 40 kbar yielded pdB204 [92]. 

bridged ca@exes have keen prepared by reaction (6); reaction of 

bridged coqlex with m&mm1 gave the mthoxide bridged COR@~X 

[W V&J-WHzNMez) (w-CNd I z 1931. 

Peroxide 

the peroxide 

Acid dissociation constants of platinum(II)-agua co@exes have been 

calculated using the interacting bond method [211. Ris-solvenlm-ccqqlexes of 

palladium(II), [W(dppe) (S2)1[C10r12 (S = H20, E&CD, dmf) have been isolated 

and &aracterised; ~analogauscanplexeswithS=~H,EtoH,andthfare 

stable in solution but, on atter@ed isolation, theethanolc~~~@~deposits 

palladimmtalwhilstthen&hanolaudthf ccrqlexeslose solvent to formthe 
bis-perchlorato-ccqlex [pd(dppe)(CClO3)5]. Alloftheseam@exesslmuldbe 

handled WITH GRlZAT CARE 1941. These solvento-complexes have an unusually high 

ability to activate olefims, E'd(dppe) (Me2CO~21PZOs 12 catalyses the 
hydrogenation of olefins at ambient teqeratures aud pressures [95]. 

Solverrto-ccnplexes of palladium(II) and platinm(I1) have been reviewed 1961. 

Reaction of C6F5M3E3r with X21PdClQI in thf, follcmd by addition of 1,4_dioxane 

(diox), yields [Pd(CsF5)(diox) o.L-Cl)] 2, cis-[Pd(C6F5)2(CL~~)lz, and 
trans-[Pd(C6F5)2(dio~)~] (n = 2 or 3), the precise product depeMiq upon the 

ratio of the reactants; addition of different ligands to these displaces 

aioxane and yields eis-[Pd&(C~F5)21 fmm the cis-ccm@ex and 

~rans-[ML2 (C6F5)2] from the trm.s-cunplex [96al. 

Cl03 3ssts with EdCl2 to form W(ClO4)2 and C102W(C104)3 1971. A series 

of o~nplexes, [Pt(PR3)2(OH)R'] (R' = Me or Ph), prepared by treating the 

correspotiing chloride canplexes in acetonewithsilver(I) folhxedby 
potassiumhydroxide,havebeenreported. All have a tram gfzamtxy exept 
[Pt (PMe2Ph)2(CWPh] which was obtain& as a cis/tmns mixture. Onreactik 

withnitmmathane, acetone,ac&amUe I or 4-creso1, the hydroxide ligand is 

displaced as water and [Pt(PR3)2R'Z] (Z = C&N&, C&COC&, NHCECXJ or 



0C6H,,CH3-4, respectively) isformed. Boththehydroxo-andacetamido-complexes 

catalyse the hydration of acetonitrile to acetamide, the reactivity decreasing 
intheorderPR3 =PEt3 > p&k3 > PPh3 c\, PmenPh > P%u2Me >> PCych and 

13 

R' =Ph>Mz. Methylcyamacetate reactswithphenylhydmxo-complexes to fom 
anN-kmdedpmductbutwithmethylhydraxo-coq lexes to forma C-bondedproduct 
(reactions (7) and (8)) C981. 

L=PEx3 
[ptLz(OH)Ph] + NCCH2ECB& - 

P-%upMe 
[PtL2 (N=C=CHCCDMe) (Ph) 1 (7) 

~Pt(dppe)(OH)Mel + NwIzm -[Pt(dppe) (CH 
H-J 
\m'Mel (8) 

Methoxo-ccqbxes of pJatinum(I1) readily undergo B-hydrogen elimination 
whichcanprovidea mnvenientroutetohydrido-aqlexes (reaction (9)) C99]. 

bans-[Ft(PR3)2X(R')] 
I 

X=Cl,OHorNHCKBk I +NaOHinMeOH 

R' = I&z or Ph 
Cmns-[Pt(PRs)zH(R')l (9) 

trczns-[Pt@R3)2@kOH)R'l 

Asimilar B-hydrcgeneliminationoccurs franformab? carplexes keaction (10)) 

WI. %5&mxo-bridgedmqz&xescanw Mmientlykepreparedbytreating 

> -20 oc in 
+HCUOH solution 

Et k%?e’Me (a4 1 - Pt (dppe’* K=‘H’ 1 ) CR (dppe’=l 
or NaHOX > ram temperature 

in solid state 

mm teqerature 
I (10) 

Deamqosition to 
'Pt(dppe)' cluster 

B + =h 

chlo~lexeswithal_kalFne msthaml (reactions (9) and (11)) f99,lOOl. Im 

alternativeroutetomethoxc-bridged~lexesinv0l.ving Jxmovalofchloride 
with silver(I), illustrated in reaction (12), led to the fomation of 
[Pt(CsH120Me) (1~-mbs)~l, for which X-ray diffraction si-med Pt-0 bond lengths of 
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As” NaKO3 
PtCl* bed) I- 

M&H 
2-1 + [R(ccdf (MeDH)z]2+ - 

MEOH 

+ NaCl 
_J 
(11) 

(12) 

2 

2.034(3) i trans to olefin and 2.153(3) i tmns to o-carkon [101,102]. Like 

halide bridges, mkhoxo-bridges are readily cleaved by tertiary phosphines to 

yield mmoxrer ic n~tlm~complexes [100,1011. 

Amides, such as acetan&%, reversibly displace water from platinm(II) 

(reaction (13)) to formamplexes thatformplatinumblueson subsequent 

~PttNH~)z(H#)z12+ + MecorJH.2 W D’t(NH3)2(HzO) (O=C(CH3)~2)12+ + H20 (13) 

oxidation; the amide is bound through the carkmyl oxygen [103]. o-bonded 
palladium(II) enolate amplexes, (8), have keen prepared by reaction of 

[Pd(PhCN)&12] with trimethylsilyleml ethers (%uC(OSiMs~)=CHtBu) [104]. 

Tetramzic t-butylperoxide palladim(I1) carbzylate complexes, (9), tiich 

selectively oxidise terminal olefins to mkhylketones can be prepared by 

treating palladium(I1) carkoxylates with t-butyl~roxide [105]; the n 

Pd%eroxide~Pd-ocarboxvlate bond lengths average 1.994(3) A am!l 2.039(5) A, n 
whilst the W-W bond km&s (2.912(l) and 2.923(l) A) are tco long for direct 

Pd-Pd interaction. The stability mnstants for the interaction of 

palladium(I1) with the naphthcquimne, (101, have been rqm-ted [1061. 

The major prcduct frcm the reackion of S4N4 with [Pt(PPh~)bl in aoetone has 

been shown to be (II) by X-ray diffraction [107], The competitive insertionof 

SO2 into alkyl- and aryl-platinum(I1) mmplexes has been sttiied and the 

insertion occurs exclusively into the Pt-alkyl bond, with retention of 

stereochemistry (reaction (14)); sincethisis theexactreverseofthe 

situation with main group rretals, itappearsthatinthepresentcase SO2 isnot 

acting sirqly as an electmphile [108]. 

=2c12 

cis-Et(mePh2)pMe(Ph)] + so2 -cis-[Pt(EWePhz)2 (02SMs) (Ph)] (14) 
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(10) 

*spy P+ y” -r a 2.288(4) i 

Pt13Pd d(J NH 
b 2.264(4) ;; 

I C 2.088(12) ; 

d 2.173(U) i 

1.5.2.2 Bidentate oxygen donor ~igands 
~nmti0n ofthestrudmreof pall.dium(II) acetateocarpl-~ 

p~p~~polystyrenehasshownthatbothm~and bi-=J-=C=@e==s- 

5xntsd [1091. 

Preparations of [Ft(acac)21, [Pt(tfacac)21, and [Pt(hfaCedzl have been 

described in Inorganic Synthwes CllOl. PalAdium(IIl-B-dikekmate Ccwl=es 

have been obtained by reation (15), in~idloxygenistransferredfm 
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thf-o16 
3FdC12 + 3Na2c031* + 2RcH=CHCOR'---------_, rw(oL*CRCHCR'o~6)~] + 2 %ta1+ 

3cO2 + 6NXl + Hz0 (15) 

carbonate to an c@-unsaturated ketone [ill]. Hfacaccanbetransferred fmn 

[W(hfaca~)~l to ruthenium in place of a hydride arEiphosphine ligand, although 

the yields are low at-d the reaction is acvied by deposition of palladium 

m?tal [1121. The ligand, (ZZ), has been CoordinattxY to palladium(II) and 

07$ 
7’ 

‘**$p 
: / '0 _..... 

o--L\R. 
(ZZj R = CtlrS or CFSI 

platinum(I1) to obtain spin-labelled fi*tonate coqlexes [113]. YlTle crystal 

structure of Pt(acac)2l.C6H6 shms Pt-0 bonds of 2.008(15) and 1.979(14) i. 

!cheEScA spectmn of [W(aca~)~l has been masured .[1151. Theumynmetrical 

acetylacetcmate ccqlex, (13), exhibits two ethyl signals which, in the 

presence of added ligand L, beccme equivalent (reaction (16)); L my be one of 

Cl / \ ‘Q N- 

do 
PhP’ ‘0 3 

L , 

Cl ,Q \ / 
$” Ph3 

/O 
‘0 

(16) 

arangeof liga&.s including solvents,whoseeffectivmessdecxease sinthe 

order L = PPh2 >> pyr > lq~ (109.5) > dmso (78.0) > MeoH (30.3) Q MeCN (29.8) 

'L dinf (29.1) > MSQ(8.8) > MenCO (4.9) 11161. Variable teqerature "F NMR 
spmtroscopyshms that rapid exchangeoccurs be%eenthe ionic aMcoordinated 

hfa& gmups in NL2(hfacac)l(hfacac) 11171. Displacement of tfacac fm 
[Pt(tfacac)2] by triphenyl-phossphine or -amine leads to formation Of the neutral 

C,Wxmded Pdiketonate ocrrplex (reaction (17)) 11181. when [pd&l%cac)21 is 
treatedwith~yo~~eequivdlentofI;ewisbase,onediketoMteligandis 
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cmvertedtoaunidentateligand; thismaybeeither G-bonded, as in 

[W(hfacac-O) (hfacac-O,O) (PhCHpNWZ)], or C-bonded, as confirmd by an X-ray 

diffraction study of (74) [119,1201. When 2,2'-bipyridyl in 

a 2.059(S) i 

b 2.002(4) ;; 

c 2.101(7) ;; 

d 2.028(6) ; 

[pd(bip~)(~-dik)][clo~] (B-dik = acac or ethylacetcacetate) is replaced by a 

diphosphine, an q3-bcm%A B-diketonate axplexis fomedwhichreacts witha 

furtherpalladium oxq~lext~~ givea remarkable f+diketmate-bridged- 

(reaction (18)) [121]. 9-e tridentate phosphine Ph2P(cJHa)zPPh(M2)*PPhz 

reacts with [Pd(hfacac)2] to form an interesting product in which hfacac is 

"semi-cklating", with one long d one shoti Pd+ bond, (15) 122. Not only is 

the coordinated hfacac in (15) fluxional (AH" = 33.9f4.2 kJ m1-l; but also (15) 

provides an attractive mzdel for the transition states in some substitution and 

iszmmAsationreactionsofrtletal B-diketonate cmnplexes. 

The partition equilibria of [Pt(acac)2], b&ween dodecane and water in the 

presence and absence of added dmso and ethyleneglycol; have been studied [123]. 

'Pd(aca~)~' has been bonded on to silica by reacting y-amjnopropyl-aerosil with 

bis(S-b romacetylace&mate)palladi~(II) 11241, whereas [Pd(hfaca~)~l has been 

inwrporatedonto alminabydirect reaction inwhichthe alunina acts asa 

bide&ate Iewis base in place of one hfacac ligand [125]. 

Chelate cuqlexes of palladim(II) and platimmt(II) with 2-catechol and 
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CPd(bipyl(acrc)3CC1041 + dppl-? 

CPd~dppal~~cZC0~~3LC1041~ 
I 

(16) 

2+ 

a 2.110 i 

b 2.653 ; 

c 2.321;; 

d 2.209 ;; 

e 2.343 i 

substituted 2-catechols [126-1281, 3-carkoxycoumarin, (26) 11293, and 

~-(4-m&hyl-7-hydroxy-8-acetooxnmrinylidene~-2-~l, (17) [1301 have 

beendescribed. The reactionof salicylaldehydewithchloroplatinum~II~ 

OompleXeS requires ti presenceofdmso, no products are formdtidmfor 
chloroform are used instead (reaction (19)) [131]. 2,4-Dinitroresorcinol-6- 
sulphonate, (IL?), binds as a unidmtate and bidentate W-mxgh the 2-nitmso 

oxygen and 3-hydmxy oxygen atcms) ligand towards paUadim(II) [1X21. 



(16) 

OH 

1 L, KzCC051 ) 

dmm, 140 l C 
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0 

/ 

% 

1 o’P,/L 

\ 
‘S”. 

II 2 
6 0 

IL = picoline or Nli~C~H~~) 

1.5.2.3 Arnbi2zentate oxygen-suZp?tunrr donor Zigunds 

AmajorreviewontransitionIlletalsulphoxides includes avery gcod 

discussion of the preparation, characterisatiun, and bond& in palladium(I1) 

and platimum(I1) sulphoxide ccprplexes [133]. [WhW.o) 41 [BFsI 2 .dmso has a 
cis-gearetry with tm S-lx&led (W-S = 2.245 i (man)) and tm O-bmded 

U?cSO = 2.063 i (n-mn)) dmso ligands 11341. In c-is-[Pt(dmo)2Ph2], the two 
Pt-S bonds are ccmsiderablylengthened (Pt-S = 2.315(2) and 2.324(2) i) relative 
to those in c~~-[Pt(dmo)~Cl~] 11351. Heating trans-[PtL(NH2CH~CH20H)Cl2] 
(L = tetram&hylenes@hoxide) yields the cis-im, whereas replacen-entof 
chloride by iodide using potassium iodide yields c~s-[P~(NH~CH~CH~~H)I~] which, 

on heating, ison-erises to the bm.s-iscaner [136]. mes-bmdeddnBaanplexes, 
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cisE't(dmso)~Rzl and c~s-[P~(~Iwo)~FC~~ (R = aql or Hz), are readily obtained 

by treating KZ PtCL+l with Snkk3R in dmso at 70-W 'C; the dmso ligands may be 

displacedbytertiary phosphines but replacing the chloride ligand in 
cis-[Pt(dms~)~PhCl] with bromide, iodide or thiccyanate yields the dimeric 
[Pt(dmso) (Ph(u-X) I2 (X = Ek, I or SCN) ccnnplex [137]. The kinetics of ring 
opening of cis-[~t(meso- and rac-PhSCU-i&H~SOPh)Cl2 1 by amines has been studied, 

in order to gain insight into the absolute reactivity, nucleophilic 
discr imination, and steric retardation effects in asyrmretric complexes [138]. 
The use of sulphoxides in forming extractable solvates of platinum(II) have 
been studied [139]. 

The potentiallyambidentate sulphiteionbinds through sulphur in 

[WC%) (NH31 31 and [pt(so3)41 6- [1401. K3Pt((SO3) 2H]C121, (191, has a verY 
short O---H---O bond (2.386(2) i) and rather short Pt-S bonds (2.247(2) i) 
[141]. 

(19) 

I. 5.2.4 Bidm tate oxygen-su@h.m donor Zigand 

The dipole maeats of [Pd(RC(S)=CHC(O)R']21, in which R' is a fhomalkyl 
ligarsd, demnstrate a cis-geomtry 11421. 

1.5.2.5 Unidentate suZpti donor Zigands 

Q.mntitative precipitation of MS2 fran IFW1412- can be achieved by using 
a controlled amount of Na2S [143]. Triply bridging sulphide ligands are found 
in [W~(~S)~(CI~)~I[BP~~I~, in which a Pd3 triangle has one triply bridging 
sulphideligand above anl one below the distorted P& triangle @d-S = 
2.336(6) & Pd-Pd = 3.011, 3.178, and 3.144 ;;>.- ThecaarplexislMdebyCCS 
insertion into the W-H and one P&P both of fPd(PMa3).3H] IBPhh], fol1omz.d by 
star&ngin acetoneun%rdinitrogen atroantemperature for awek (reaction 

(20)); an alternative synthesis is given in reaction (21) 11441. LYlEream 

of Dt(PPh3)2021 with RSH (R = H, I&, n-Bu or Ph) in chlorofom yields 
c;s-IPt(PPh3).2(SR)zJ and hydrogen peroxide; X-ray diffraction of the ample 
with R = H shows Pf-S and Pt-P bond lengths of 2.350 (man) and 2.283 ;; (mean). 
These cmplexes canactas ligsnds toothertrausi@.onmstals (reactions (22) 



i 

tlepC0; room temp. 
(20) 

7 days 

[~(=)J+~ [WI,] 2 * HnS + PR3 * [P& (PRs) 6 (U-S) 21 DPhl,] 2 (21) 
P& = me, F%kzPh2 

ard (23)) [145] _ An aXernative preparationof sulphide cmplexes involves 

the use of triethylamine to ren~~ve chloride fm the dichloroplatinurn (II) 

stzuMnq materials (reaction (24) ) . Only the alkylsulphide ccnplexes are cb 

and these isarnerise on -sure to air 11461. 

cHc13 
cis-@tG'Ph~) 2 (SPh) 21 + D-bh’+-CdTaI 03) 41 - 
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R = %u,Ph 
cis-[Pt(PPh3)2 (SR)2 1 + rpt(cod)c12 

R' = aryl(Ar) 

i 
,~rdns-[Pt(PRB)2(SAr)21 

N2 
I cis-[Pt(PR3)2C12] + 2R'SH + 2Et3N-----1 

-.is-D?t(PR3)2(SR')zl 
RI = alkyl 

air 

& 
tram-isorrrer + other species 

(24) 

A study of the W photcelect_ron and IR spectra of cis-[Xl2L] (L = 

(CsFsSCHz 12, CsFsSCH2-2-py), and tm.s-~Pt(C~F5SI?t)2C121 sfiows that the 

fluorocarlmn we&ens the M-S u-bordbutreinforces the T-backlmnd just 

sufficiently to cmqensate for a-bondweakening, indicating thatthioethers are 

electronically very adaptable ligads [1471. Self-consistent MD LCAO 

calculations in the CNDJ aFproximation have been atter@ed on ~PtlCl31- 

wqlexes with a number of ligards, including sulphur donors [148]. 

M(PPh3)2 units (where M = Pd or Pt) have been amplexed With 'Fez(b-S)2' 

ligar-ds usirq reactions (251, (26) and (271, of which the latter only arks for 

platinum 1149-1511. 

+a, 
+ [M(PPh3)1,1 + 2MeI - 

benzene 

- C2Hs 
[Fez(c~-E2) (03161 + lM(PPh312 (C2H411 - 

E = s,se,Te 

(25) 

tPPhs)2M~&(~)~ 

I 

(261 
E 

\I 
FeKm3 
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[Pe;!(cI-S)2 (No)412' + [Pt(PPh3)2c12]-----, 

. 1 

+ 2c1- (27) 

c 

Tris (2-, 3- and I-tolyl)phosphine sulphide form S-bonded con@exes with 

palladim(II) [24J. 

1.5.2.6 Bidentate suZphtlr donor tigands 

Accaprehensive reviewofthe coxdinationchemi.stryofthic&hers, 

selerroethers, and telluroethers intransition-m&alcQnplexes includes a 

detailed account of ths preparation, structure, borUng,andreacti.onsof 

palladium(I1) and platinm(I1) ccprplexes of bidentate thioethers D521. 

PhSCH2SPh omrdinates too weakly to palladium(I1) and platinum(II) to overcome 

the strain of chelation; it thus acts only as amncdfmtateligand,whereas 

MeSCH2sMe binds in a bidentate fashion 11531, as do a series of 

guinoxaline-2,3-dithiols [154]. %uS(CH2)&u forms [M2Cl&uS(CH2) &u)21 

(M= Pdor PQ whichhas a 16-n~&ered ring in a 'barge' conformation E1551. 

The @yfluoroalkyldithioethaues (=FJS@I2)2S(JF3, m3_2SC!P3, and 

PhS(CH2)2SPh form [MX2Ll mmplexes which are fluxional with rapid ring 

mnformtional changes but slow inversion at sulphur; [PtI2(MeSCIICF3CHCJ?3sMe)l 
shows a sufficiently high energy barrier to ring conformational changes as to 

be rreasurable [156]. A mass-spectmmtric study of the chlom-axq~ 1exesshoRd 

successive loss of the chlorine and of the substituents bound to sulphur [1573. 

Cationic [Pd(&QXHMXH2SMe) 2112 exists as several diastereoi scmrs in solution 

11581. 

[Pt2(Me2CHC&)41 can be crystallised in two fom, a deep purple form 

which is stronglydichroic inplane-polarised lightandhas.Pt-Ptdistances of 

2.795 i within the dimsrs and 3.081 i betwaen dimers, and a green form with 

corresponding distances of 2.85 arrd 3.40 i, respectively 11591. Theelectronic 

structures of monomeric [Pd(MeCS2)21 and dirreric [~d(&aCS~)~l~ have bean 

investigated by the mSCFmthod; thetotalenergyof themonomris 

alrmstexactlyhalfthatofthedimx,inagreemen twiththe coexistenceof 

both forms in solution. TheW-Winteractionsarebondingincharacter~ 

imolve the 4dz2 ard 5pz WC orbitals 11603. CPt(MeCS2)2]2 is dimaric with a 
Pt-Pt distance of 2.767(l) ;;; the angle of 28O beW dimeric units and long 

~terKolecular Pt-Ptdistance (s 3.8;) donot suggest any significant 
stabilization of the stack through bonding interactions [161]. The transfer of 

Me2Ncs2- frCan One palladium(I1) to ~3-methallylpalladium(II), in reaction (28), 

OCCURS Via an associative mchanism involving a trinuclear i&emediate [162]. 



s-Pd-c 

/ 
PhBP 1 k [clo,] + [EtxNcHzPhl [PdClz (n3-WC&+) 1 

The isodithiobiuret ~-C~C~HI,NHC(SH)=N-C(SC'H~P~)=NP~, HzL, form [Pd(HL)pI 

in which it acts as a bidentate 1igarxI [163]. Pddition of alkali to solutions 

of [Pd(ethykznedithiog~ycolicacid)] results inaccqlexwith 4 axial sulphur 

atonsandadeprotonatedcarboxyla~gsoupattheapexof asquare pyramid 

D.641. 

Tms-[M&P(OEt)Ph)2], W-S = 2.341(a), 2.343(2) ; and Pt-S = 2.341(3) and 

2.333(3) i, undergo iscmarisation to produce essentially qua1 munts of cis- 

and trans-i somrs in solution 11651. [Pr4Nl2(MWOS3)21 and 

[Pr4N][M(MiS4)(S2CNEt2)], (M = Ed or Pt; M' = m or W) in which M is sunmunded 

by four sulphuratmshave beenprepared; theirele&m&emicalreductionis 

being studied [166]. 

Interestindithiolateconplexescmntinues. A new synthesis based on 

MezSnmnt has been described [167], Slcm mial oxidation of a 50% aqueous 

acetone solution of H2[Pt(rmt)2] arxI WC1 yields black needles of 

Li~~Pt(mrt)~].2H20, I % 0.75, which have a room tzqmrature conductance of 
between 30 and 200 .Q'l cn? and a conductahce temperature dependenoeSiItlilart0 

that of one-dimsnsional partially oxidised 'Tt(CN)4" omplexes [168]. Planar 

dithiooxamide m@.exes, IM(LH)21, are formed by solid state deprotonation of 

IM(L&)zXz] when pessed with sodium fluoride (reaction (29)) [169]. lhe 

m&-me enhamed negative ion mass spectra of D?~(C~SZM~~)~I and [Pt(c2S2Ph2)21 

press in 
[M(~)PX7_1 + 4Nm - ~M(PHNc!SCsNP) 21 + 2NaX + 2NaHF2 

disc . (29) 
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2.5.2.8 Arnbidentate sui?phumitrogen donor Zigands 

Yellow [pd 15+Q@he11) @JCS)Z] iS obtained by reacting KzIW(SCN) lil with 
5-IK?2phenin d&nzthylfo3xmmide, whereas theorangeS-bondedisrrmeris form& 
when the reaction is carried out in ethanol: on heating in the soLid state 
theN-km&d- iscmxises to the S-bonded form, whereas the S-bonded form 

is unafterrd [1813. The thfmt~~ldecmpsition of [~~~3~2(~~2~ to WS 
and of [W(PE~S)~(NCS)~] to Pd$ have been studied thermgrav~ically and by 
DTA [l&21. laeduction of the Pt-S distance on subjecting K:!CPt(SCN) I,] to 57 

kbar results in ablue-shift of about10 mW1/kbar inthe singlecrystal 
luminescence spectmn [X831. 

X-ray diffraction stuckes of cis- and timns-[Pme&CS(OEt) 12a21 zczhuw 
Pt-S bond lengths of 2.288(4) i (mean cis) and 2.310(l) i (T%ZZS) [184,1853. 

In tmns-IW~~GES(OE~)~&~Z~ the W-S bond is 2.327(l) ii [1861; all three 

are significantly less than the sum of the covalent radii (2.35 i), suggesting 
soinemultiplebonding, ~(S~~~~~~s~ asulphur domrinthe 
anti-form in [WIMeHN@(S)OEtI2X~l (X = Cl, BJZ or SCN), with a Pd-Stiiocarbanrilce 
bond length of 2.331(2) i in the thiocyanate camplex [187,L881. 

The reactions of ~M(PP~~)zCI(@@$CS)I (M = Pd or EW with m&al chlorides 
have been investigated (reactions (30-32)). An X-ray diffraction study 
show&i considerable asynmztxy in the bridge of the dimeric pafladium(II) cmplex 
(21) E1891. 

M’cln = Fe& 
[M(PPh3)nCl(B%2NCS]] + M'Cl * 

n AlCl 3, mcs! 

M’ = Hg 
WPPhaIzCL(Meprxx)] + M'Cll __1_1_+ 

Ni, Pd (I& 
forM=Pt), 
Pt. 

MM-J, 

\c Fh,P\ / -S\ ,,PPha 

ph,p/M\s-C/"\PPhi 
\ 
\ 

NMez 

Me2N 

\ 

2+ 

(30) 

+ [M'f~~s)zCl21 ior [Hg(m?h3fcl212) (311 
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(32) 

a 1.963(8) i c 2.453(2) ;; 

b 2.294(2) i d 2.495(2) i 

1,s. 2.9 Bidentate oqgen-nitrogen donor Zigands 

Oxamic acid, Hz-, acts as abidentate anionic ligardtowards 

palladium(I1) and platinm(I1) 11901. The longwavelengthbands in 

[Pd(8+iS~in)~] ard [Pd(8-H~N-quin)~l arise from TT + IT* transitions in the 

quimline ligand, in contrast to the situation in [W(8--in) 21 [1911. The 
axrplexes of palladium(I1) and platinum(II) with a nti of Schiff bases have 

been studied. 2-HOC~H4CH=NC6H40H-2 and 2-m6Hs(3H=mZmzm bond in a 

tridentate O,N,O fashion to platinum(I1) [192]. Thecoordinatedfomylgroup 

in (22) is displaced by dmso or MeCN but can be replaced on irradiation 

(sm 2); an X-ray diffraction study of (23) shcms that, on dissociation of 

the formyl group, thebenzaldehyde ring rotates through 90" so that theoxygen 

is poised above the in-iine nitmqen 1193,193al. Protonation of (22) results in 

a ten@ate condensation to yield the tetraaza macrocyclic ccmplex (24) [194]. 

The Syntheses, structures and axformations ofthepalladim(I1) and 

platinum(I1) complexes of quadridentate Schiff bases, (25), have been reported 

[195]. 
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H’ 

L (= dneo or 

IleCN) $ dark _~ 

1 
hv 

Cl2 

PPh3 

1 2.07(l) i c 2.355(6) 

b 2.00(f) i d 2.274(S) 

(23) 

schem? 2: PhoW&emically induced Schiff-base formation. 

iV-FWfurylsalicylaldimine forms a 4-amrdinate cmplex with platinm(II), 

inwhichthf2 furfuryloxygenis mtinvolved,whereas forthe corresporb%ng 

palladim(II) system,weakaxAalinteractionmayalsooccxr (equilibrium (34)) 

[196]. Aroylhydrazines are deprwtonated on reaction with [Ft (mh3) 2021 to 

form hydrogen peroxide and products in which X-ray diffrkction shms the 

preseme of a ~lr-NH-N=C!EMj ring, rather than a ~'-NH=~~ ring 11971. 

Furan-2-aldoxim [1981, isonitrosohenmylaaztone [1991 and 

l-(2-hydroxypheyl)-3,5-di~lformazan (throughasix-m&ered rins) UOOl 
act as bidentate N,C-ligands towards palladium(IIj, as do the 
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(34) 

CiS-sCiS~neS, formd by condensation of aniline with @-diketones [2011. 

Palladimn(I1) polyimide films,whichexhibit surface andv0lunE 

resistivities lOlo times lower than of the polymer alone, have been prepared 
12021. 

1.5.2.10 Bidentate oxygen-phosphorus donor Zigands 

Ph2PCHCC0EtB acts as a bidentate U,Homr ligaki in (26) and as a 

bridging 1igamA in (27) (see also section 1.5.4.13) (2033. 

(26) (27) 

2.5.2.11 Bidentate suZphwcnZtrogen donor Zigands 

5-Methyl-l-thia-5-azacyclmctane reacts with WC12 to give (28) (X = Cl), 
vilrkzh does not dissociate in solution or exhibit inversion at sulphur or 

nitrogen (2041. The S,N-bidentate ligsnd, (29), reacts with Li~.[WC141 to 

fom a mnplex in which the ligaki acts as a tram S,Wbi*tdte ligand that 

then metallates (reaction (35)); anmkerofbis-thicether analogues have also 



x = Cl 

2.305(l) i 

2.330(l) i 

2.104(3) i 

(281 d 2.268(l) i 

x=1 

2.601(2) i 

2.624(2) i 

2.14(2) ;; 

2.323(7) i 

R 

been studied, butti these casesmztdllationof the phenylgroup is catalysed 
by silica gel [205]. S-DealJcylation of 

D'h3CS (~2)2NH2(CH2)3NHztCH2) 2SCPh3 lDrl2 occurs when this ligand is treated 
withpalladimacetate inmethanol; the product is trimeric (3U) E2061. When 
Pt ke.qT) Ea32akm3 ) 1 2 + is treated with deoxymthyl-@ (A = adenine, 

T = thymine) it yields (31), in which the t&m Pt(terpy) units are abwe one 



another andthethirdplatinwnis perpendicularto thfs [207). In the 

deoxyrethyl-pIpA, (32), adduct, the A-T base pairs are stacked oneither side 

of (31) but do not form a miniature double helix; indeed,modelsshcwthat 

31 

base-pair displacement in the DNA double helix wwld be necessary to acccmwdate 

intercalative binding of a bis-terpyridylplati(II) reagent, which may 

therefore be useful to identify base substitution mutations [207]. 

Cyclic vo1tamnet.t-y and controlled potential coulomstry of [Pa{ (sacac)2enll 

((sacac)2en= (M&SCHW=NCH~)2) shm thatreductiongives successively the 

unstable uninegative and dinegative anion species, whereas oxidation gives the 

dipositiva cation from which the starting ccaqlex can be regsated [2081. 

The binucleating ligands, (32) (R = Ph or cych) formed binuclear coaplexes of 

the type [Pd2L(w-Z)], mere L = (32) acting as O,Iv,S donors to each palladia 

(2091. (33) (E = 0 or S) did not form the exps&edbinuclearco~~lexes but 

tetranuclear corqlexes such as [Pd+L(oAc)l which w2re not fully 

(2103. 

2-Mercaptopyridineand 2-thiouracil have bsen shown to act 

characterised 

as unidentate 

N-doncrs towards platirnnn(II) [2111. 2-Phenylthiazole, (34), reacts with 

palladium(I1) acetate tc form (Pd(OAc)L], in which the thiazole, instead of 

acting as an S,N-donor, acts as a C,N-bidentate ligand [2121. Thehydrogwzk_ed 
. 1 thmmme derivatives, (35) and (36), bond to platinum thrcugh either N3 or S 

(36) 



32 

[212a] . (37) and (38) both act as S,N-chelating ligands towards palladium(I1) 
and platinum(I1) [213,214] whilst, in [Pd(SNSNH) 21, the bidentate S,N-ligands 

H2 S S’ ’ /N 

I 
7 

a 2.294(10) i 

c I&&q b 2.242(7) i 

,,r,, 

lb \ c 1.963(25) ; 

(37) (38) 

bond in a cis arrangement [2151. W%Hr r-c-, unexpectealy, with K2 PtC14 1 
in queo~~ acetone to form [P~(osNH)~(SNHSAB]] (donor atcms italicised) EM, 
whilst S5Nr reacts with cis-CPt(Phc!!J)Q.2] to form a Squaze Planar -la in 
which the s4~4 ligand retains its identity and bonds in a tridentate fashion, 

(39) L2171. 

2.5.2.12 Bide&ate sullphur-phosphors donor Zigands 

[W(PhzPCGH~~2)x2J (X = sm or I) undeq~ dmthylation on reaction 
with halide ion to fom [Pd(Ph2PGH4S-2)X21 , whichcanbe rerrrethylatedbyalkyl 
halide 50 times faster than demthylation [218]. 

1.5.2.13 Bidentate suZphur_carbon donor Zigands 

An X-ray diffraction study of [pd(acac) (CH2NMsC(Ph)s)3 shows that the Pd+ 
lmrxl lengths are influenced by the trans-donar, since W-0 trans to c = 

2.106(3) ; whereas Pd'Otmms to s = 2.054(3) ;; [219]. 1,3-(=212C6H4 
readily mtallates at the 2-position to fom (40) which, on reaction with 
~iphenylphoSphine, suffers W-S but not W-C bond cleavage to yield 

a 1.988(U) i 

b 2.308(2) i 

c 2,406(31 ;; 

[w(PPhs)2{CsH3 (ctH2sEU)2-1,31c11 

previously [221], has been shown 

[2221. 

12201. me thiaallyl cal@ex, (411, prepared 
to involve~+bcnds andnotans13-bond 
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a 2.058(3) i 

b 2.262(l) ; 

I. 5.2.14 iG?entate se2enhm donor Zigands 

[Fe(CO)3(~-Se)2Fe(a3)~] can act as a bidentate selenium donor towards 

platinum, as in reaction (36)) 12231. A convenient smll scale synthesis of 

PhH 
t CPt(PPh3143 - 

XS He1 
t PPPhfHeI 

(36) 

CSe2,wlzichcanthenbeusedtopreparedialkylselenocar bamat.es,hasbeen 

described 12241. The structure of [Pt(SenCNSu~)~l is the same as in the 

sulphur analogue, with Pt-Se = 2.427(3) i (average) 12241. 

1.5.2.15 Te'e2urium donor Zigands 

ArTeEph3 (E = Ge or Sn) react with [Pd(PhCN) 2C12] to form aryltelluride 

bridsea PO~~-=-S mmm2in 12251. !re u332M2m 2 

Na2Te forms [M{Te(C&CH2Ph)~~~Cl2J; when M = Pd the 

butthep_latinumamplex forms amixtureof cis- and 

ElSSl-DWllby 125’re IWR spectroscopy [226] . 

1.5.3 CompZexes with amino-acfds, peptides, nucZeic 

bioZogicaZZy important motecutes 

prepared by alkylation of 

mmplex has a cis-gecmatry 

trans-i somxs in solution, 

acids, and other 

Since n-ost biolcgically imporkant mlecUleS bond through Group VI and 
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Croup V donor atoms, the previous practice of considering them between ligands 

belongingto these tm gmups is continued. 

1.5.3.1 Amho-acids and peptides 

The X-ray crystal structure of Bacia-[W(NH2CH2CCC)Cln l.HzO shm H-Cl, 
W-N and W-0 bonds of 2.303, 2.03 and 2.015 & respectively [227,228]. A 

study of the kinetics of glycine ring formation in [Pt(en)(gly)E%r]Hr has shorn 

that intrasphere bromide substitution predomina tes under pH conditions that 

favour the non-pro&mated form [229]. DL-Phenylglycine aud its esters 

coordinate to palladium(I1) and platinum(II) as unidentate nitrogen donors 

[230]. The hydrolysis of the glycinate, cl-alaninati, B-phenylalaninate and 

picolinate corrplexes [Pd(en) (NH2CHRCmR')12+ shows substantial acceleration 

under basic conditions, whereas this is less marked in the cysteinate and 

histidinate conplexes f231]. A study of the ligand-ligand interactions in 

[Dab], where A is a deprotonated acidic amino acid and H is a protonated basic 

amino acid, shows stereoselectivity in the palladium(I1) coordination plane due 

to ligand-ligand interaction 12321. 

[AgemL 2a s-, where L = -smIe2cH(NH2)an- , involves a central chloride 

with a cube of silver(I) ions surmmded by an octahedron of palladium(I1) 

atoms, each of which has 2 penicillamine ligamds attached to it [233]. A 

series of platinm(I1) ccanplexes of L-c,y-diamim butyric acid and L-ornithine 

have been prepared [234]. The IR spectra of tram-[M(Iralaninate)z 1 (M = Pd 

or Pt) have been assigned with the aid of "O.and 15N isotopic labelling 12351. 

The band sighs in the CD spectra of cis- and trams- IPt(ZH)2C12] (ZH = *alanine, 

Gvaline, L-isoleucine, Gnorvaline, or Wleucine) are determined both by the 

absolute configuration of the ligand and the geometric configuration of the 

complex [236]. Cis-[Pd(Gserinate) 21 has been prepared from K2[PtCls] and 
L-serine by deionisatioh by passage down an ion-exchange resin column 12371. 

Although the neutral -OHgroup inethanolamim ccordinates topalladium on 

reaction with [W(m) (H20)212+, the neutral-OHgmups in~serine,Irthreonine, 

ardGhom>serinedonot,althoughcoordinationdoes~ on deprotonation of 

the -OH; forL-hydmxyprolineneithertheneutral-OHgroupnor.the 

deprotonated alkoxy-group coordinate 12381. 

X-ray and EWR studies confirm the S,N coordination of 

S-mthyl-licysteineme thy1 ester in its dichloropalladiurn(II) ccu@ex [239]. 

!the S,S-&s-chelation of the cysteime tetrapeptides cys-ala-ala-cys, in contrast 

to the lackofchelationof the cys-val-val-cys paptide 0ntreatmentwit.h 

Nan WC14 I, Confirmed the inprtance of the steric effects of the tm 

intermzdiate amino acidresidues indeterminingamformatior& fihess,wch 

iS ~rtant fOrunderstandingthe cys-A-H-cys sequence involved in the active 

sites of same metalloenzymas 12401. 
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I. 5.3.~ l~ucZeic acids and nucZeosides 

The~sinephosphatesADPand~mainlycoordinatetopalladium(II) 

ard platinm(I1) through the N1 and N7 purire N-donors which have nearly equal 

coordination abilities [241-2461; the presence ofthe5phosphategroup 

enhances N7 over N1 coordination [247]. Byusingpalladium(I1) axqmunds asa 

thermdynamic reference for reactions of analogous platinum(II) cmpounds at 

equilibrium, it appears that in soma previous platin&(II) studies equilibrium 

was not achieved and the reported stability constants for platimm(II)- 

nucleoside ccqlexes are tot low. At pH 7 the order of Pd(dien)2+ binding 

strengths is N7 of @TP > N3 of 'IMP > N3 of CMP > N7 of AMP > N1 of AMP [247]. 

The solution isotropic absorption, CD,andstretched filmCD spectraofthe 

axplexes of ademsirE with cis- and tmns-[Pt(NH3)2C12] above about 250 m 

have been interpreted in terms of tm relatively close vibronic (T*,rr) 

transitions [2481. An upper limit of 217 kJ ml-' has been derived for the 

Pt-N7 bond strength in [PtCl3(9-mzthyladeninium)] [249]. 

~is-C~(~3)2(H20)21~+ shows coqlete selectivity for AMP and W when 0 > rti 

(totalmtal:total phosphate) ( 0.3; tMns-[Pt(NH3)2(H20)212' shms less 

affinity for AMP and [Pd(en)(H20)212+ and trans-[W(NH3)2(H20)212' show 

intem&iate behaviour [250]. Fmbmaud~3cIWRspecm.scqyhasbeenused 

to study the interaction of cis-[Pt(dmso)~Cl2 1 with adenosine, uridine, and 
cytidine in dmsc [251]. 

X-ray diffraction has bemused to study the purine cozrplexes 

[Pt(dien)L] [PPsl (L = 7,9-dimethylguanine and 7,9-din&hylhypoxanthine), bth 

of which involve Pt-N1 coordinaticm @t-N1 bond lengths being 2.044(5) and 

2.051(6) i, respectively) [2521. 9-Ethylguanine amrdinates to platinm(I1) 

at N7 ard this facilitates deprotonation at Ni, as well as altering the 

hydrogenixmdingof guanine tc other bases and hence its selectivity for 

cytidine 12531. Deprotonatedguamsine acts as anT/,O-chelate ligandtomrds 

(en)Pt [254]. Thei-cmd~ucleotides GpG, PpAand IpI reactwith 

c~s-V~(NHS)~(HZO)ZI [No312 to give N7 - N7 chelation of the metal, whereas QC 
audApCgivemixtures of severalma@axes inwhichcytosine appears tohave 

mre affinity for platinum than guanine and adenine [255]. Au X-ray 

diffraction study of [Pt(l,3-pn)(Me-5'*)2] shcws N7 coordination as well as 

highly significantintraax@exbase-base interactions dominatedby 

o6 . . . imidazoleringcontacts,whichwill causelargelocaldistortions inDNA 

structure since the base-baseoverlap intheplatinm(II) complex is very 

different to that postulated for the various forms of DNA [2561. 

Bis-nucleotides show the sari--- enhanced CD spectra as polyrmcl~tides with cis- 

but~ttrcms-platinum(II) cor@~s and somyprovidevaluable informatimon 

ptl~-DNA birding [2573. Previous mrk, suggesting that czZs-[Pt(~H~)~Cl~] binds 
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in a sequence specific manner toDNA,has bsensuppo~byshowingthatit 

binds in a unique fashion to (dG)n.(dC)n for II > 2 [258]. 

Laser F&man spe~oscopy has been sham to be useful for differentiating 

the tautcrmers of uracil and thymime in solution and coordinated to platinm(I1) 

[2591. c~s-~pt(NH~)~(l-I1_ethylthyminate)~], in which thymine is bound to 

platinum through N3, reacts with one equivalent of MnCl2.4H20 to form 

Mn[pt(NH3)~ (l-nkethylthyminate)~1~C1~.10H~0, in which a square-planar 

manganese(II) ion is coordinated by four oxygehs (04) of the thymines [260]. 

Protonation of c~s-[pt(NH3)~(l-~~ylthyminate)~] yields (42), in which one 

thymine ligand is in the irnixml form [250a]. &?- [pt (NH3 lzC1 (l-Mecyt) 1 w3 I 
(1-Mscyt = 1-methylcytosine) can be prepared in two different ways 
(reaction (37)) ard in each case two types of crystals, needles and roughly 

cubicparallepipeds are formed; the teqerature and rate of recrystallisation 

determine which form pmkkminates. The cations are similar in bothmaterials, 

1. AgNo3 

cis-cPt(NH3)2c121 

T 

A 

cis-PtmH3)2cl(1-Mecyt) l(No31 

cis-Pt(NHs) PC12 1 . 

2. w-Q3 

(37) 

thestructuraldifference s derive frcmthe relationbetweenthe cationsand 

nitrate ions [261]. In aqueous solution one of the amine ligarkds in 
cis-[Pt(NH~)2C1(1-Mscyt)lC1, which are generally considered inert, is labilised 

to form trans-rPt(NH3)Clp (1-kxyt) 1, inwhich allthebmdlengthsaremml 
but the pyrirnidine ring is at 64°tothe square-plane. Thisproductreacts 
with further 1-mthylcytosine to yield trcms-[Pt(NH3)2(1-Mecyt) 212+ which has 
beenisolatedasits nitrate salt: inthLscomp~ex,thepyrimidinesquare-plane 
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dihedral angle is 78" [2621. The crystalstructureof 

~i~[pt(NH~)~(l-~)~l[No~]~.l-~cyt shms that the tm cis-bases lie 

perpemdicular to the plane suchthatthe exocyclic =Oand-NH2 matchup 

[263,2641; similarly, in c-zs-[R(m~)* (No2) (1-Mecyt)l2 and 

cis-[R(NH3)2 (1-Bkacyt) (thynu.nate)l [ClOsl has the pyrixtidine groups arranged so 

that the =0 and -NH~ groups can hydrogen-bond together [264,2651. 

The above observation, that cis-[pt(NH~)2C1(1-~cyt)lC1 can be converted 

to trans-EPt(NH3)C12 (1-Mecyt)] under mild conditions in aqueous solution at 

ram temperature, apens up an interesting alternative to the generally accepted 

bifunctional attack of cis-[Pt(NHs) 2C12] with replaceren t of both chloride 

ligands, since trans-[Pt (NH3)ClzL] muld cmomIinate a second biormlecule hence 

giving inter- aml intra-strand linking of DNA and/or bidentate DNA plus protein 

crosslinking (reaction (38) ). I-loweEr, loss of ammnia inside the cell is 

unlikely as (Cl-1 is too low; this could occur in the plasma to yield 

tram-Pt(NH3) CLXI (X = plasma component), which could then be taken up by the 

cell [266]. 

rpt(NH3) (l-~) 3 1 [Cl041 2 

2x1-Mecyt / 
tmns-[R(m3)cl2 (1-Mecyt)l + 2AgC104 (38) 

2 x9-Etguanine 
Pt 0=3) (l-Mfx%Ja cH=guanine 121 [C10412 

Cytidine (cytn) coordinates to platinm(II) through N3, as in 

Pt(C-Mecysteine) (Qtn) Cl1 (246,2471. Rsaction of D?t2WH3)~kOH)2 12+ with 

1-rrethyluracil (1-Fkur) yields &s-F (NH3)2Pt (u-l +u1--N~,0')2~~~3)21- 
[NO3]2.3H20, in which the uracil ligands bridge (N3,04) in head to tail fashion 

tw cis-[Pt(NH3)2 units which lie above each other [268]. The formation 

cor~tants of uracil, uridine, ard thymidine complexes with [Pd(dien)(Hp0)]2+ 

ad [Pd(er~)(H20)2]~+ have beem determined ptenticanetrically [269]. 

6-Methyl-2-thiouracil (HL) forms PtL~l on reaction with cis-[Pt(NH3)2Cl~l and 

[FdL,l on reaction with tmns-Ed(NH3)2(E2)21; in both complexes the ligarxl 

is bourki via the S and the heterocyclic N atom 12701. 

Premeltingconfonnationalchanges~yhave considerable biological 

significance in DNA reoombination, transcription, and replication processes, 

sinoa DNA functions in uizm far below the mature of mlting. It is 

significant that cis-[Pt (NH3) 2C12] causes DNA premelting at low Pt:DNA doses, 

whereas trans-tPt(m3) 2ClZ1, which has !m anti-t- activity, does not cause 

this premelting [271]. EM_dence has been obtained that the cis-[ti(NH3) 2C12] 

recognition site on DNA is intrastrand cross-linking of nearest neighbour 
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cpanine or cymsine bases, since cis-Pt(NH~)Kl21 binds selectively to the 

kW,(dC), ,n~44ce in ENA [272]. Astudyof theRaman qectrmin 

aqueous solution has shown that cis-[Pt(NH~)2C12] perturbs the guanine carbonyl 

region of salmon sperm DNA; both the cis- and trans-isomer s interactwith 

N7-q-uanke sites but in clearly different ways [273]. The interaction of 

K2 [W11,] (M = Pd or Pt), and the 5-sulpho-8-m~~aptoquinoli.nates of platinum 

and palladium with rre.r&rane-bound Ca2+- and I@'*-AlPase of sarcoplasmic 

reticulumhas been studiedby spactrofluorimetq; interactioniswiththe 

tryptophan residues [274,2751. 

1.5.3.3 cancer therapy and petated topics 

The biological interest in cis-[Pt(NH3)2C12] has been reviewad [276]. The 

significant factors in the mechanism of the anti-tumur action of 

cis-[Pt(NH3)~Clz] are [277]: 

(i) cis-[Rt(NH3)2C12] loses chloride ions slowly in water and the 

resulting aqua ions are depmtonated to form a variety of hydmxy-species, 

(ii) ci~-Et(NH~)~C121 appears to bind to DNA preventing replication, 

(iii) oneparticularDNAsite,06 ofguanosine,has kenlinkedwithboth 

carcimgenesis andthemechanismof the anti-tunrmr action of platinum 

omlplexes. 

The optical resolution of tm anti-tmmur drugs, (43) (R = H and CH&H2Cl) 

havebeenachievedthroughtheirdiastereomr ic c~s-platinum(II) qlexes with 

W-(+)-(44) [278]. 

1.5.4 CompZexes with Group Y donor ligands 

1.5.4.1 Unidentate nitrogen donor ligands 

Luminescence, absOrptiOn, magnetic cimmlardichroism, and 35C11QR 

experimnts,togetherwithextended HE&e1 m c+ulations on cis- and 

tmns-Pt(NH3)2Cl21 indicate that, whilst the relative energies of the 



d-orbitals are the 

Pt-Clbondisnrxe 

barrier to atmDnia 

sameinbothiscmzr s (d&Z > d 
covalentinthetPans-tl-Bnintz 

rotation in trans-(Pt(NH3) 2Eir21 is 
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> d,, > d yz > d$ the 

&s-iscprrer [279]. The 

less than in the 

cis-iscexar, so that the trans-isomer has thehigherheatcapacity at law 

temperatures [280]. ci.s-[Pd(NH~)~c1~1 decccmposes to NH3, Cl2 and palladium 

metal, scme of which is oxidised to PdO, between 240 and 300 OC; between 380 

and 400 "Cthe reTMiningpdlladiumisoxidisedtowOandthenbehyeen 800 and 

860' the Ed0 deccqxxes 12811. 

Solutions of cZs- and trans-[Pt(NH3)2C12] can be quantitatively analysed 

bymeasuring their optical absorbances before and after controlledreactionwith 
ally1 alcohol [2821. M3 calculations have been carried out on cis- ard 

trans- (M(NH3)2X2] (X = halide or H20; M = Pd [283] or Pt [284,285]). Crawn 

ethers, such as 18-crawn -6 and dibenzo-18-crc%n-6, hydroqm-bond to the aamine 

ligar& in trczns-(Pt(NH3)LC121 (L = PMe3, PEt3 or NH3) (2861. 

Cyclobutylamine reacts with K2 (PtCl~] in aqueous solution to give yellow 

[PtL&12] which forms cZs-[P&Cl21 on recrystallisation fnxn dmf containing HCl 

but yields trans-[PtL2C12] on recrystallisation from acetone; Pt-N and pt<l 

both lengths in the tm iscmsrs are similar [287]. Thecrystalstmctures of 

cis-[PtL&12] (L = cyclohexylarnine ) and trans-(PI&C121 (L = cycloheptylamine) 

also &IQ+? typical Pt-N and Pt-Cl bond lengths [288,2891; the latter was 

prepared by the route previously reported to yield the cis-isomer but 

recrystallised from acetone which clearly p-es cis to t2mz.s iscmarisation 

inthesecrxplexes. Thepresenceofexcess amines, such as aniline or 

nicotinamide, also prorsxtes formation of the trans isomer, whereas exactly 2 

equivalents may yield a mixture of cis- and tram-fPt( amine) 2C121 [2901 . The 

acid dissociation ox&ants of cis- and trnn~-[Pt(NH~OH)~Cl2] and cis- and 

trans-(Pt(NH20H) (NH3)C121 have been detennizd in acetone: @t(NH3)2cl2] - 

no acidic properties for the artmine ligands in dmf [291]. The kinetics of 

agnation of cis-[P-U&12] (L = NH 3,NH2OHorNH2OMe) shc~thatoxyg~-containing 

ligands give significantly higher activation energies of as&ation than W 

itself [292]. Thewater soluble primary amine H2NC(CH20H)3 forms 

tram- [PtL&&.] on reaction with Nap[PtCl+] [293]. 

As-bis-organopalladium(II) ccxrplexes are rare; bxever, 

(N~u~lcis-I~l(C~Fs)2] and cis-(EdL2(C6F5)2] (L = N, P, As or Sb donor ligand) 

have been prepared by chloride bridge cleavage of [NWls12[(W(CsF5)2(CI_C1)}21 

(2941. cis- arrd trans-Pt (py)LCla] (L = 4-nitroaniline) have been prepared; 

the tie-isoner was obtained by reaction of K[Pt(py)C13] with L, whereas the 

trans-isortler was obtained by reaction with K[PtLC13] [295]. SimAlarly, whilst 

ciS-1Pt(PhNH2)2Cl2] iS formed by reaction Of aniline with K(Pt(PhNH2)Cl3] in 

queous solution, excess aniline reacts with K2(PtClr] in aqueous alooholto 
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cds-[Pt(CpH4) (4-Mepy)Clp1 -undergoes pho~is~isation to the trulzs-iscerx, 
through a 1ow~~rq-y d-d excited state, photosubstitution, and 
photodissociation of the Pt-CzH4 bond when irradiated in the Pt5d + CzHs,* 
band [311]. 

The crystal structure of 1(C2H4)ClPt(~-Cl) (u-pyrawlide)PtCl(C2H4)1 shows 
that the conp?lex is almst planar, except for the ethylene ligands which lie at 
85(l)“ and 92(l)" to the plane [3121. In cis-[Pt(PEt3)2ClL1 (L = pyrawle) 
thet~phosphorus atmsare inequivalent; theybeax~ equivalentinthe 
palladiumcomplexbyanrxhanisminwhichpyrawledissociation is the 
rate-determining step [313]. Pyrazolate and imidawlate ligands in 
IPt(dppe)L~I complexes can coordinate to rhodium(I) on reactionwith 
[Rh(ccd)(Me2CD)~l[ClO~l to give pyrazolate bridged dinuclear and imidawlate 
bridged tetranuclear complexes [3143. lPt(l,2-din&hylimidawlate)c] [I3l2 
has Pt-N3 bonds of between 2.009(8) and 2.014(5) i and a very lcw solubility in 
aqueous solution, in contrast to other D?tL4lX2 (X = Cl, Rr, I or ClO4) species 
13151. Thiadiamles, (461, bond to palladium(I1) through N' [316], wlxreas 

pentamthyltetrawle, (471, probably brrds to both palladium(IL) ti 

platinum(II) through N' [317]. 

(46) (47) 

1.5.4.2 Bidentate n-itrugen donor tigands 

Single crystal X-ray diffraction studies have been reported for 
cis-[Pt{1,2-(NHz)ncych}pXp] (X = Cl or Br) [318], [Pd(S-R 2N=7M=CHzNH2)Clz 1 
(R=Me inwhichthemolecules areheldtogetherbystnonghydrogenlxmds 
beMeenCland-NHz, andR=EtWthehydrogen-bondingis-t 

hindered~,wherethept-~2bondsare~~than~pt-NR2bonds r3191and 

[~@-NH2CWMeUi2NH2)C21 whichexists intwocqstalline foms,mnoclinic and 

tridlinic,which~~essentidtlythesames~ ,exceptt.hatonehasa 
chelate ring of X-amfcrmattinwith an quatorialmthylgmup~lsttheother 

hag a k?onformation with an axial*n'&hyl group 13201. '"C amEt 'H NMR.has 
beenusedtostudythe~~~ofaliphacic1,3~scoo~~to 
p4tin~n(II) 13211, whilstlow terperature IR and m spectra have been used 





43 

(48) 

(52) 

with cyclcnxtallatd palladium(I1) coqlexes to form dinuclear and mxmnuclear 
species (reaction (39)); the latter is fluxional due to rapid head to tail 
exchange of the ckWmine nitxogen donors [340]. cl-Diimines also displace 
chloride from [IPd(n3-allyl)Cl)21 and [&Wl(allyl)~~l to form 
[M(ct-diimhe) (n3-allyl)]+ salts (M = Pd or Pt) [341]. 

Arylamoxinres fonnbis-aq&xeswithpdlldi~(II) whLch~~%=$$~ 
selective Pd-Nodmg cleavage with hydrogen chloride and MazO cleavage with 
tertiaryplxxphixsoralargeexcessofaunidentateamine (reaction (40)) 
[342]. 

P(NSiMe3)3 reacts with [Pd(713-C3Hs)C!l]2 to form (53) in which the phosphine 
cx0dinated throu$-~ two nitrogen atcxns [343]. The thioz3Esnicarbazones 

Hz-(=N3H)- (IS) form @d&l amplexes, inwhichthe ligands 
~~throughN'ofthethio~~~zone.~~yandthedeprotoMted 
hy&roximinz-nitsogen 1343~1. 



RN=CHCH=NR 
\ 

\ 

II RN=CHCH=NR (39) 

r 

PHN=NCR=NOH t CPdX,lg- (or tPd(PhCN)2Clz3)-----+ 

9 

CPdLZ(N-CR-N-NPh) #I 

(L n PPha or rninrl 

The crystal structure of Pt(Ettsdien) 11 shows that the cental Pt-N bond 

(l-98(2) i) is significantly shorter than the other W (R-N = 2.09(2) i), as 

isalsoobserved inthe nitrite and azidebutmt inthebmnide cxnplex 13441. 

The influence of the lig& X on the equilibrium constants of the substitution 

reaction (equilibrium (41)) and the dimrisation reaction (equilibriun (42) ) 

are very similar, Kbl incmasingasx-variesintheorder 

Cl- C EW- < I- < SCN- < OH- and K,,z increase inkk order 
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! 
(53J 

K41 \ 
[Fd(dien)H*olZ+ + x- \- [Pd(dien)Xl+ + Hz0 

K42 

2[Pd(dien)H2012+ + X- ,- [pd,(dien)pX] 3+ * 2H20 

(411 

(42) 

X- = I- << OH- < SCN- 13451; the same relative orders apply when dien is 

replaced by Et&en anl &sdien [345]. The synthesesof the 

rnetallointercalation reagents [R(terpy)X]Y, (X = Cl, Y = Cl; X = S&H@LJOH, 

=2m2m3, y = No3) have been described in detail [346]. 

Palladium(I1) and platinm(I1) complexes of tetradentate 

tetraaza[14]amluknes (FP only) 13471, (54) and (55), which axxdinaw in the 

($4) 

deprotonated form C348-3501, have been characterised; in the depmtomted tom 

(54) and (55) behave as tmns-bidentate ligands [350]. The effects of solvents 
on the excitation profile of platinum phthalocyakne as well as its soft X-ray 

and photoelectmn emission spectra have been reported [351,3523. The rechanism 
ofphos&orescenoequen&ingand Zeemaneffectsinpalladiumporphyrinhavebeen 
studied [353,3543. Excitationof the resonance Ramn spsctra of platinum 
hfmatoporphyrinccmplexesintheSoretregionmainly enhances the totally 
syrmztric vibrational_ mdes, whereas excitation inthea and B absorptionregion 
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erlhan&d *wily khe %m-&t&my qmletric rmdes [3551. Tbreeofthe 

F&&m& R&W fmqum&% in p&Lladium(II) and platinum(II) 

t&W%p%f@p&tph~iris &Mbit alinear correlationwithporphyrincore size 

D&j 2 !l.k@&molta.k!~rtiee~ ofpalladiumtetraphenylporphyrinon 

n+LGp&itr~~~tSliO~al~ 8 have been studied 13571. 

~~6.4.3 Anride donor Zigan& 
@en [PI&R(R'C!N)I~B?I,] (I, = PMenPh, P&Phn or PPh3; R = Me or Ph; 

fi' = &, C&*CHor Ph) are tzeatedwithp&assiumhydroxide the amideccqlexes 

LF&(R)(MCQR')] 2i?X! faumed, in which the amide ligand is Iv-horded. NMR 

spem.msmpy sh&solvent- aTd tmnperatw equilibriab&#eenthe 

qjn- and ant+bcmrs arising from restricted rotation abut the N;-;Tc bond of 

the carkmami&-group (equilibrium (43)). The anti-iscpller is famured by 

pt -N /H - 
\ 
J-“’ 

0 

(43) 

anti w 

m-polar solvents and increasinglybulkyterkiaryphosphines 13581. 

Multidentate amides thatonlycoordinate inthedepmtona ted form ((54) and 

(55)) have been described in section 1.5.4.2 above. 

1.5.4.4 NitrOSy c0rqtexes 

(Ph~J?CH,Ph),[Pd2X~(NO)23 (X = Cl or Br), formed by reaction of [PdX(NO)Jn 

with (Ph3FTQPh)X, react with dioxygen in acetone solution to fom 

[P~~~~P~]~[W~X~(NDZ)ZI 13591. Dimeric [WZ@~) (OAc)3] is precipitated when 

nitric oxide is b&bled inb a solution of palladim(I1) aeta- and lithium 
nitrate in acetic acid 13601. 

Although MwNCHzPh is readily cyclopallak&ed, MzNHC!H2PhandN&CH2Phare 
not. Since seamdaqamines arereadilycmverke&intoN-nitmsoderivatives 

the reactions of PhC&N(NO)Me and PhN(ND)Me with NazIPdCL,l have been studied; 

the former is notcyclopalladatedwhereas the anilinederiwkiveis, as 

confirmed by an X-ray diffraction structure of (56), which reacts with two 

lr~les of tliphenylphosphine to cleave the Pd-EID bond and yield (57) [361]. 

2.5.4.5 Nitrite complexes 

[WWZN)slEBF412, prepared by the actionof NO[RF41 on palladiumnwal in 

acetonitrile solution, is anaCrsensitiveyell~~~lid~~cataly~e~ the 
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II 

a 2.088(12) i c 2.263(3) i 

b 2.031(E) ; d 2.371(4) ; 

PPh, 

p+--..~ 

“; 
-NO 

PPh, (57) Me 

a 1.989(U) i c 2.395(3) ; 

b 2.312(3) ;; d 2.328(3) ;; 

oligcm-erisation of ethylene and the polyrferisation of styrene; with 

triphenylphosphine it yields air-stable, green (W(pPh~)~(MecN)] [F!&]z [362]. 

The reaotion of PtCl2 with neat benzonitrile yields a mixture of cis- and 

trans-[Ft(PhCN)2C121 in variable proportions depending on the temperature. 

The isomers havebeenseparatedchrorratographicdLlyandidentifiedby IRand 

13c~speotrosoopy. In benzonitrile the cis-isomar predomi~tes at room 

temperature and the trains at higher temperature whereas, in chloroform, the 

Mans-isoa%a.r dominates at 25 OC [363]. cis-[Pd(PhCN)2C121 reaots with 

T{CpFe(CD)~]~] to give a produot containing the Fe().HxJ)2Fe group but no 

coordinated benzonitrile [364]. Wt(PEt~)2R(NCCfI=CHz)l 03F41, prepared by 
treating ~~ans-[Ft(PEt3)~RCl] with @RF4 followed by aorylonitrile, involves 

iv-bonded aorylonitrile rather than coonSnation of the olefin group (3583. 

l-5.4.6 Azide complexes 

Fhotolysis of cis-[Pt(PPh3)2(N3)2] at 77 K in ethanol or thf at 280 nm 

appears to yield yellow hexaazobenzene (NG) and [Pt(PPh3)21. onwarmingto 

~tenperature,hwaazobenzene~sestodinitrogenbecauseitsresonance 

energy is compensated by repulsion bet- the lone pairs of electron on 

nitrogen. [Pt(PPh3)2] dwises on warming to room temperature [3651. 

1.5.4. 7 DCcz~ni~ and tetraazadiene Zigands 

Treabrent of (Fd(PPh3)sl with ArN2Y (Ar = Ph, I-tolyl, 4-fluorophenyl or 

2,4,6-triohlorophenyl; Y = PF6 or El%) yields a mixture of the diazonium and 

aryl oxWaxes, (Pd(pPh3) ~(Nzti)lY and DXl(PPh3) 3ArlY; where or = 
I-methDxyphenyl, Onlythediazoniumoomplexis formed. Theeliminationof 
nitrogen fromthediazoniumamplexto formthe arylo~@ex oooursatrocpn 
temperature and is promoM by W irradiation [366]. 

Tetraazadiene ocqlexes of platinum(II) oan be formed either by transfer of 
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the tetraazadiene ligand fron nickel (reaction (44)) or by treating a 
platinum(O) ccqlex with arylazide (reaction (45)) 13671. 

LNi(ArzNb)21 + t [Pt( BuNc)~l~-------+ D't(*nNr) &J&1 (44) 

2 
] (45) 

1.5.4.8 Bidentate nitrogen-phosphorus donor Zigmds 

when (58) is treated with R-BuLi in hexane, follow& by [Pd(PhCN)2C121 in 
thf at -80 "C, the amide carplex (59) is formed (reaction (46)) 13681. 

J?% H PPh2 PPhz Li PPh2 

(581 
W(PhWzCl21, 

-80 T 

(46) 

NH2CH2CH2P,(Bu)Phhas been resolved into its enanticmzrs using 
(+),-[W,(CI_CL)2~(S)-N,N-dircrethyl-l~-~~1~1~2~,N~21 13691. 
Bidentate palladiurn(I1) and platinm(I1) ccmplexes [Mtc121, as well as 
unidentate [ML2C12] and [MLbjX2 (X = Cl or BPh4) have been prepared fran 
2-pyCH2C!H2P(H)Ph, NH2(CH2)3PPh2 and PhCH=N(CH2)3PPhz L3701. Ibaction (47) 
pmvides aamvmi ent one-step synthesis to (60) which is an impomt ligand 
in aqmetric catalysis [371]. 

PnkH2, (62), k-ea& with ptcl2 in dmf at 130 OC to form [Pt(Pr'NH2)Cl21 
which reactswith a furtkxrrPleof~&ET2 tichloroforminthepresenceof 
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2Li PPh2 
l 
a PPh, 

+ 2Pd t 2LiCl 

triethylamine to form [Pt(P~ik-D(E?&)Cl], (62) [372]. On treatmsnt with 

trifluoroacetic acid (62) uklergoes ring-closure without retention of 

stemxhemistxy (reaction (48)), thus providixq the first dimact evidence for 

pseudo-rotation in a 5-coordinate platinm(I1) complex 13721. 

2-Diphmylphosphimpyridine forms phosphorus bonded cis- and 

trans-[Pd(2-wPPh2) d&l which with [M2(dba) 31 forms (63) (M = Pd or Pt) which 
are not as reactive as [Mz (dppm)2C121, due to the ease with which the pyridyl 

nitrogen is displaced and the limited flexibility of the ligaud, although with 

caxbon mnoxide, (64) is fonasd [373]. Ph*P-a (- = Cfb, (CH2)3 or 2-GH4) 

havebeeusynthesisc3d; allformp27_osphorus~unjAentate~lexes~th 

palladium(II) [374,374a3. In addition, PhSCH2CN can act as a bidentate 

ligand. 

1.5.4.9 Bidentate nitrogsn-carbon donor Zigands 

Whilst (65)-(67) all react with PtX2 (X = Cl or EIr) to form [PtL&] 

qlexes, inwhichthe ligands areccoxdinatedthmughhoth amine and olefin 

groups, (68) dces not ozordinate to platinm(I1) at all in mntrast to its 

pl-msplmrus and arsenic analogues PPh3 and AsPha [3753. The chloride bridge in 

(69) is split by treatmark with excess lithium chloride in acetic acid, to yield 



r PP* 1 r fl Cl 
I 

Cl - 1 tid - -Cl I 
I t’. 1 2-pyPh,P- y - Pd- 

co CL 

PP hfz-pq 

PPh, 
(64) 

(63) 

the firstanionicpalladim(I1) CcarpleXOf iV,~~bkzthylbenzylamine 

(reaction (49)) 13763. By cmtrast, (70) yields [IPd(PPh3)C1z}21r due to the 

high tms-infkence which labilises the Pd-N bond (reactkm (50)) 13761. 

when N,N-dimsthylanilines with electron-donating para-substituents are treated 

with palladiurnU1) acetate in benzene/acetic acid, cycl~bation products, 

(711, are formed E3771. cyclopalladated din-ethykmimethylferrocene, (721, 

hasbeenres0lVedinto0pticallypureenant ionusthmughits (S)-pmline 
derivatives [378]. 

An X-ray diffraction study of the 2-pyridyl amplex (73) shOws each 
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(65) (66) (671 (6B) 

HOAC 
LiC1+ Li+ 

(excens1 

(69) 

1 + LitOAcl * PhCHZNHe2 

ICPdZ(PPhs) 2C143 (50) 
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Me 
Fe CI - 

I 
Pd - 

IrlMe, 

(72) 

-1 z 

r 

I “‘\ ,-QJPPh3 - 
/ pd 

Ph,P \ Br 

(73) 

palladiumis in a squar~p1anarenviromEntwiththe ~unitfoldedahg 

the W---W axis to give a 6-membered boat [379] . YBE picolyl-bridged carple~, 
(74), formd by oxidative-addition of picolyl chloride to Pd (E?Ph3)d, also ha 
a boat-like 8-lmzmbered P~NC~E~C~IK~ ring, with the palladia planes lying at 

63O to each other and a *fold axis kxtween them 13801. (75) and (76) have 

also been studied by x-ray diffraction [3811; (75) (R = EtCCC) has the ability 

to nick super~iled DNA at low amcentrations [3821. ?he cyclcmetallation of 

R 

2-fold 
axiS 

(74) (75) _ t76) 
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2-arylpyridjnes occurs mxe readily with palladium(11) acetate than 

palladium(I1) chloride and the resulting acetate-bridged dimers are mre 

soluble in organic solvents; by studying the effect of varying the 

substituents onthe aryl nucleus, thereactionappears to imolve 

electmphilic-attack by the palladium on the aryl nucleus after initial 

nitrogen comdination [3831. The chelate yields (77), :fonns bidentate N,C 

ccarplexes with platinm(I1) (reaction (51)) [384]. 

‘Cl 

I 

rxcrrc (77) 
II - Pt 

Mines react with the allene ccanplex cis-[Pt(Fnpr3)C12(C3H4)] to give 

C,N-chelated aonplexes asld carbene amq$exes (Schema 3) 13851. 'Ihe fact that 
t EhNH2 gives a 4 -memberedBr*, whereas the less bulky &&NH2 and 

PhCH2NH2 give 8 -mnkered~ring,isconsideredtobeafurtherexanqle 

of the Thorpe-Ingold effect. Afom-mmkredringisalsofomadwheh 

dimethylamine attacks l,l-dim&hylallme coordinated to platinum(I1) 

(reaction (52)) [386]; carbonnorboxMereadilyimxrtsintothe4-memberedring 

and,ifthisisfo~awedby~~withhydrogen~~andlaterhydrogen 

chloride, free B-amino acids cahbeobtained (reaction (53)). 
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[ 

-/-I2 
(nPr3P)C1#t-C 

\' 1 cEJ=3 

1 + NR3 (R = Me or Et) 

excess Fuw2 J (R = Me or PhCH2 
Pr3P, > 

! 

CHZ 
-CH2-NHR 

Cl~PLHR-CH 

+/sm 1 
a 2.132(6) i c 2.220(2) ii 

b 2.011(8) i d 2.400(2) ii base&cess 

%uNH2 orNao%) 

a 2.179(g) ii 

b 1.975(11) ii 

c 2.217(3) ii 

d 2.406(3) ii 

sche 3: &action of a platinum(I1) allene amplex with amimes [385]. 
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CMP2 
y% p 

Cl-PPt- 
e 

! R/B 

PPhz 

- Cl-k-C 
HQNH pe2 

I +?CHR 
cl ReaN 

(R = H or He9 

Cl NHe2 

HCl 
CHCl j (93) 

CPt2(PPh3)2C141 * 

/c OOH 
HmqC=C, + 

CHRNHR.2~1 

I. 5.4.10 Unidentate tertiary phosphines 

Scdwvery convenientsynthesesoftertiaryphosphineplatinutn(I1) oXt@?XeS 

staxtingwith chloroplatinic acidhavebeendescribed. Fkactiqs (54) and 155) 

yield cis- and bans-[Pt (PPh31pC12 1, respectively: reactions (56) and (57) are 

reflux inE%OH 
H@tC16.6H20 + PPh3 lhour 

l cis[Pt(PPh3)2C12] (54) 
(4.4 equivs) 

* 40% HCI-D in Hz0 
HnPtCls.6H20 + PPh3 I-efluxinEmH, l -&ans-[Pt(PPh3)2C121 (55) 

(4.4 equivs) lhour 

carriedout in an autoclave that has first been "washed" with carlmnmmoxide 

[387]. Halide bridge cleavage of platinum(I1) dimers is often used for 

synthetic purposes; it is usually assumed that the gecmetryof the products 
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RtCH 
H2P-tC16.6H20 + pPh3 + CO/Hz - trans-[Pt(PPh3)2HC1] (56) 

(4.4 eguivs) (100 atm 1:l) 100 oc 
4hours 

EtoH 
H2PtC16.6H,0 + PPh3 + ~/Fopene tmn~-[Pt(PPh~)~(COnPr)Cl] 

(4.4 equivs) (110 atm 10:1)7&T+ 
4hours 

(57) 

depamds on the relative t&zs-effects of the ligands, although the initial 

products scmatimas undexgo subsequent disproportionation or iscmerisation, 

I+~WTSZ, whilst PMezPh reacts with [@t(P&~Ph)Cl~]~l in chloroform at roam 

terrperatuxe to form a 1:l mixture of cZs- and tmns-Pt (PMezPh)zC121, at -60 'C 

85% of the products are ionic [Pt(PMe2Ph)&l]+ and [Pt(PMenPh)C131- which, on 

warming, yield the corresponding neutral cca@exes. CxefulexperimStswith 

highlocalconcentrations ofphosphine shawedthatthe initialproductis 

[(pMe~Ph)~C1pt~cL_c1)ptc1~(~~Ph)] which reacts with more phosphine to form 

either t~m~s-[Pt(PW2Ph)2C121 or [Pt(PMezPh)3C1]+[Pt(PMenPh)C13]-. Thecation 

foms cis-[Pt(PNe~Ph)2C12] exclusively by Cl- attack, whereas phosphine attack 

on the anion yields tms-[Pt(PMezPh)$12 1. The formticm of ionic 

intermediates is critically dependent on the phosphine, nme being formed at 

all with tributylphosphine [388,3891. !!?he trams-effect and the &elate effect 

canbecc&Wedtoprepareothexwise inaccessiblecmplexes. Thus, 

cis-[Pt(PRs) (03)C121 can be prepared by treating [Pt(ccd)CLl with a tertiary 

phosphinfzandcarbonmxmcide; thephosphine canbe abulkyphosphine suchas 

P(cych)3 for which the halide-bridged dimx is unknown. The reaction is 

believed to involve substitution of one end of the diolefin by phosphine 

follm by Cl3 substitution once the chelating effect has been broken [390]. 

The chemical shifts of the 2- as opposed to 3- and 4-protons in the iH NMR 

spectraofbis-amplexes of PPh 3, AsPhs and BiPh3 shift by mre than 0.5 plan in 

trcms-ccmplexes but less than 0.5 ppm in cis-canplexes in C6D6 solution [391]. 

The 31P KMR spectra of dichlorortrathane solutions of [W(pMe~)2X2] show that, if 

a traoe of PBS23 is added, more than 99% of the oon@ex is the cis-isonksr when 

X=Cl,butnorethan 99%isthe tram-isanerwhenX= Ek or I; when1 

eguivalentOf~3 is added, more than99% of the amplexis present as trigonal 

bipyrzmidal .[W(PM~~)BXPI with axial P&3 ligands (X = Cl, Br or I) and wfien tm 

equivalents of P&3 are added me than 99% of the cunplex is present as 

sguare-pyr~ [w(PMe~)~xl+x- with axial x (X = Cl, Br or I) [3921. 

In a reviewof recentworkon stericallyde&ding phosphi=sr it was _ 
cmcludedthat~~dingin~actiomareveryimportarrt 13931. Thehitherto 
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lJ&lowl mmpound [{Pt(Pcych~)cl~]~1 can be prepared by the slow addition'of 

Pcy& in high dilution to KPt(C~H4)Cl~l; if high dilution is not used, 

tram-[Pt(Pcych3)2C12] is formed as are the analogous ocanplexes of PEk3 and 

PPh3 under all dilution conditions. Treatn-ent of rPtwcychs)cIzl2 we.h 

phosphine gives bridge cleavage at a rate inverse ly depe&snt on the bulk of 

thephosphine. Carbon mnoxide cleaves [@t(Pcych3)Cl212 1 to form 

traizs-[Pt(Pq&) (CO)Cl21 which is very stable shcwing little tmdency to 

iScmariset0 thetheznxxlynamicallypreferredcis-isonrar; MenS, PY~ J-h3 amfi 
t 
EluX also all give the tmns-product, in contrast to the cis/trms mixture 

formed when the less bulky PRt3 is present [394]. W irradiation of 

tram-[R (PR3)2Cl2] (R = Et, %I or %r) innitrcmathane gives up to 70% of the, 

labile cis-fom which can be isolated as a crystalline solid; use of mixtures 

of complexes ~how~thatthereactionisp~tly intramolecular. The 

crystal structure of cis~[Pt(PnPr~)2C121 shows considerable over~ing with 

short W-P bonds (2.322 Amean) and long W-Cl bonds (2.407 knean) [395]. 

A Series of cmplexes of the long alkyl chain tertiary phosphine liS& 

P(C,~n+l) 3 (n = 10-19) and P(C~QH~C,H~~~ -4) (m = 2-9), including cis-[PtL2c12], 

tram-[FdL2C12], and tmns-[PQHCl] have ken prepared and characterised. As 

expected, theseaatplexes are extremely soluble inhydmcarbonandchlorinated 

solvents, so that "clean" preparative routes with either volatile or easily 

removed side products should be used [3961. ?hePt-Pcouplingcomtantsina 

series of tris(I-sub&ituted phenyl)phosphine conplexes 

trans-[Pt(tBU~~2CH2){P(C6H4X-4)~k1] indicated that the tram-influence of 

thephosphine increased as'the 4-substituent Xwas altered, in the order 

Cl < F < H < CR3 < CHsO < (CH3)2N [397]. Whenaracemic mixture of PPhRlR' 

was reacted with [Pt(l%(CH3)(Me2CD)l [Cl041 Cfi = dppe or chiralbidentate 

phosphine) varying~~sofstereoselectiveb~of~e~~ic 

phosphinewere observedbutnevermxe than 2:1. The ability to coordinate 

oneenanticmar preferentiallywas very sensitive to small changes in steric 

size and shape, a result which does not augur well for the synthesis of general 

purpose catalysts; rather careful tailoring of the chiral ligand and substrate 

wmld seem to be essential [3981. 

It has beensuggestedthatthe 31Pm4RchemicalshiftsoftertWy 

phosphima oxides provide a gcod basis for predicting phosphine basicity (3991. 

The W Spectra of cis- and -bans-[Ft(PEt3)2YZ] cm@exes shm strong Pt5d + P3d 

transitions which, for the cis-cxmplexes, follow the Yz order 
YZ =Etp < Me0 < MeX < Xp (X = Cl or Br), whereas the trans-calp1exes follm 

the order RX < EtX < MeX < X2, suggesting thattheplatkmoxidation state 

decreasesintheorderX>~>Et>H[400]. By studying the kinetics of. 

ligand substitution in EdL2WNI21, a tram a&2ivatio11 effect order for L of 

L = P(ORt)s > PPh3 > PRt3 > P(OI?h)s was obsemed [4Ol]. 



Mixed palladium(II)- or platinum(II)-iridium(III) ocrrplexes have been 
prepared by reactions (58a) and (58b) [402]. 

Dr(PN+Ph)K14 1 + PttPPh3)~ (CZH~) 

r 

1-t 

?JezPh 

Ph3P\ / \ I,/cl I 
Ph3P' 'Cl' I 'Cl 

+ 

tram-[I~(PM~zP~)~CL,]- + C2H4 (SW 

[Ir(FMe2Ph)2C151 + tran~-[Pd(AsMe~)~Cl~ 1 + (58b) 

The iscmzisation of square-planar~~shasbecamea field 

of study, revealingmanymchanisticvariations; theprooesses arenuchmxe 
subtle than once thought [403]. Previous evidence for a disscciative mxhanism 
inmethanolinvolving a 3-coordinate intermediate [404] has received further 
support frcunstudies of the spontaneousiscmr isation of 
cis-[Pt (PEt3)2 (c~H~w-v~)c~I in a variety of hydmxylic solvents, as well as 
acetonitrile [405]. I+sviever, such a mechanism has been criticised on the 
groundsthatdefinitiveevi.dencecaunot be obtained in good donor solvents 14043, 
that the activationvolumes of methanol solvolyses as v&l as isomerisation 
indicate an associative mechanism [406,407], and that mechanism (59) can 
explainal1theavailabledata,if a switch intk rate-determin ing step from 
kctokdoccursongo~frana~~toaless crowA& R group [408,409]. 
Autocatdlysis viodimarisationhasbeen shcwntobeamohani~available fez 
isomarisation, since dimerisation of IPtL2X2 I yields [(Ptm212], together with 

freeligandthatcancatalyse iscmsrisationbyfonning5-coordinateax@ezes 
which can undergo pseudo-rotation [4101. 93-e Wd his + ‘bans 

isanerisation of @t(PEt3)2(Ph)C1] in acetonitrile appears~'P===dW 
an intramlecular twisting frun a low lying ligand field state, whereas the 
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tram + cis conversion appears to involve a dissociative path from a 

charge-transfer state C4111. The fact that tram + cis &oto.iscmsrisation of 

EW+r,) 2x2 1 occurs with high efficiency, whereas the cis + tram 
photoismer isation does not, suggests that the thermally equilibrated excited 

state respmsible for isomer isation, although probably slightly tetrahedral in 

gecmsby, is distorted towards a cZs-configuration [412]. 

[{pd(pph3)Cle}2] reacts autccatalytically with hydrogen in aniline or 

toluidines to form [PdJ(PPh3)3(PPh2)nC11C1 and benzene 14131 which is similar 

to the reaction of [&d(PPh~C~H&?Q~-3)(OH)(~-CAc)}~] with hydrcgen in watex tc 

yield benzeue and acetic acid (reaction (60)) [414]. On heating [M(PPhs) 2C121 

(M= pdor Pt) withorganic csmpomds, such as pyrrolidine or Z-propatlol, the 
tripheuylphosphine ligands are extensively hydrogeuclysed to benzene and 

phosphine [415]. 

(60) 

1.5.4.11 Other unidentate phosphorus donor Zigands 

Adetaileddescriptionoftk reactionof trimethylphosphitewith 

palladim(II) chloride in the presence of sodiumtetrapheqlbratetoyield 

[Fd{P(oMe) 3151 [BPhr] 2 has been publiskd in Inorg&c Syntheses [416]. Nitrile 

oxides cleave the p-c bond of triphenylphosphine coordinated tc platinum(O) 

(reaction (61)), the crystal structures of the prcducts reveal long Pt-PPhs 

bnds, Wch indicate that the OPPh2 ligard has a large tram-influence 14171. 

Althou~ coordination of PPh2Cl stabilises the P-Cl bond against 

hydrolysis, prolonged exposure of cis-[W(PPh2Cl)2C12] to aqueous acetone yields 

(78) C4181 and not cis-[Pd(PPh@I)2C12] as previously reported 14193. The 
cry&CL sWm of cis-[W{P(QMe)Ph2]2C12] shuws P&P and ~d-C1 bond lengths 

of 2.237(7) and 2.354(8) i, respectively [4201. 

Palladim(I1) and platinm(II) coqlexes of the fluorophcsphines (L) pF3, 

PFz(OPh), PF(OPh)2, anl 2-fluorc-1,3,2kmmdioxaphcsphole, of the type WL2X21 

and [MLX31- (X=halide) havebeenpreparedandcharacterised qx&mxcpically 

1421-4231. HpJrolysis of [Pt(PF3)2X2] (X = Cl or E&z) by atnmspheric misture 

gives cis-[Pt(pF3) (PF~O)X~I- as the initial product [4211. PFzH(Y) 
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Ar q  

a 2.316(5) i 

b 2.347(6) ii 

c 2.03(2) i 

d 1.98(2) ii 

PPhf 

1 
b 

CPt 
d 

-NCAr 

I 
8 

PQP% 
Ph 

I 

I\ 

-8 

\ 1 

\ 

2.324(2) i 

2.354(2) i 

2.05(l) ii 

2.01(l) ii 

+ L (61) 

(Y = S or Se) react with tmns-[Pt(PEt3)2HX] (X = Cl, Rr or I) b form 

Et(pEt3) 2 (PFzY)Xl, thro’@@ the int ermdiate foma?Aon of [PkU?Ek3)2WF2Y)H2Xl 

ard [=(pEt3)2 (PF2Y)Hl; the Pt-PF2s bond length in tms-[Pt(PEt3~2(PF2S)cll 

(2.213(5) i) is irytermediate m Pt-FE'3 and pt-pEt3 &I 

CCS- IPt(PEX3) (PF3) C121, indicating a PF2S 7r-acoeptor ability betwen pF3 and 

FEt3 14241. 
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1.5.4.12 Bidentate phosphorus donor Zigands 

The bidentate ligand, (79), although desigr& to span trans-positions 
can also form cis-axnplexes , as in reaction (62) here the prcduct has Pt-P 
bond lengths of 2.253(2) and 2.256(2) ii and Pt-Cl bond lengths of 2.358(3) and 

wt(ccd)21 + &HI+ + P^p + HCl 

I wrwb~~-@+%- [Pt(fi)C12] (62) 

w%+t(Pa)HCl] l 

2. HCl 

2.347(2) i [425]. Similarly, treatment of trans-[Pt(P?)H(Me200) IDiF41 
(P^P = (79)) with triphenylphosphine yields tram-[PL(fi) (PPha)Hl[BF41, which 
iscserises to the cis-isoaer indichlo~thaneatrccxnterqeratureinthe' 
presence of a trace of triphenyl@csphine [4251. (79) has been of value in 
Studyingthe~snofl,l-reductive-eli tion from [Pd(Pq)Rzl, tiich has 
skwn that the l,l-reductive-elimination of R-R requires a cis-amplex,does not 
require ooordinative unsaturationonpalladi~, bkdoes reguirelossof 
phosphine&enR=Ph inoontrasttoreductive-eliminationof Ph-Ph from 
~is-[pt(PR~)~Ph~] [426]. 

The reactions of the fluorinated bidentate phosphines, (80) and (82), with 
Na2WZ] (M = Pd or Pt) have been reported [4271. wuxeasthesqwe-planar 
]M(E%)~]~+ (M = W or Pt; E- = (82), E = P or As) conplexes are kinetically 
stable an3 retain their structuralid~tity insolution, the corresponding 
squarepyramidal [M(E%)~C~I+ arrplexes tiergo rapid chloride ligard site 
exchange fromabovetobelowthe plane, redistributionof the 
di(tertiaryarsine) ligands inthepalladiw(I1) oclrrplex, andintramolecular 
isonerisationof the &elate rings cccurs for both metals [428]. ck@axesof 
RN(PPh2)2 (R = PhCE(Bk) or Eu3owI(Me)). ]Pt@I-I(PPh2)zNeUl and 
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P(cych)z 

Ph2b FhFz FhF’ PPh2 a::::: 
(81) (821 E q  P or ds) 

[pttRN(PPh~)~]Me(X)J [ClOb] (X = B&CD, 4-substituted midine, ER3 (E = p, As 

or Sb), in which an asyntnetric centre is present, have been prepared [429 1. 

Halogens react With [Pdp(dppn)3] ti give binuclear palladium(II) complexes 

which slowly isomsrise to the mnonuclear prcduct (reaction (63)) 14301. 

X2 = Cl2 or Br2, 
CM2 &Pm 31 + x2 b 

I2 I (‘GFsS) 2 

~iha~tteha~~m~ (R=H~ Me; X=Cl,E%rorI) addto [Pd2(dppn)slto 

form methyl= bridged A-frame palladim(II) axplexes [4311 which, on treatnmt 
with fluoroboric acid, u&ergo amversionof thebridgingmethylenegroupto a 

Wz (dm) 2X2 I + 

fast 

2 

ph2dMiPPh2 

LX LX 
X' 

I 

/ 
X 

I 

ph2p'c5~pph2 

(63) 

-1 methyl group (reaction (64)), as confirmed by an X-ray diffraction 

studywhich indicates adativePd+dlxmdwith the cationbeing thepalladium 

bearirag the methyl group [432]. (83) is fluxionalwith iodide exchange 
between terminal and brtiging positions 14321. D?t(dlcrpnn)Clz 1 reacts with 
~thyllithiumtofom [Pt(w)Me2] which, with h-en chloride, form 
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CPdz(dppnbsl + RCHXa 

1 

P 

x,T^I 
Ptfx 

HBF4 

PC\CH: 
a 

I I 

pvp p---lA-p 

(83) 

a 2.976(6) i 

b 2.28(4) ; 

c 2.740(5) ; 

CBF,l (64) 

d 2.648(S) ;; 

e 2.577(6) i 

[Ft(dp&m) (Me)Cll kgeth- with the A-frame ccarplex [Pt~B!kz~(~-cZl) (CL-dppn)nlCl 

previously thought to be a m-ionic trimer [433]. TheSametWprodudsEUe 
formdwhen[Pt(cod)MeCl] istreatedwithdppn,whereasdppnreactswith 

[Pt(cmd) (CSh)Cl] to give only the A-frame omoplex [pt~(o;IPh)~(~~l)(~'dp13m)~]Cl 

14341. Pt(d~)Mea] canbe fomedbyheatingthe themcdynamically less 

stable phosphine bridged dimr [Me~Pt(wdp&~PtW~l in benzene at 60°, which 

is asyrtmtric with a twist-saddle conformation [435], [Rnf4=3 ba?P~ 2 1+ , 
(841, which like (83) has a dative m&al-metal bond [435a,436] can be prepared 

by reactions (65) and (66), of which the latter is reminiscent of Venanzi's 

+ 2Pt~dpEmn)Menl 
Et k&m) W2 1 + Pt (~FIXII) Clz 1 A 2 Pt (dplxn)MeCl] (65) 

YXflUX 
2[=b#pQMenl + Hx b [n2m3 (cI_dppn) 21 +x- + a4 (66) 

x = m6, shF6 or cl& 

route for -in3 [Qt(m3)2H21 into [~2(PR3b,H(CL-H)21+ [4361. 'I% 
electnwLiC structures Of~seandotherA-framecanplexes~~~discussed; 

OnoeanJsiguitiesinelectron~~inthese~l~s~~dLarified 

it is possible to obtain a consistent picture of their bonding (4371. 

De-nation of apZm in platimm(I1) amplexes using n-butyl lithium gives 
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L 

P I-\/ + 

d 1 nr 
f I 

/ipi; 

I 

a 2.314(7) i e 2.769 i 
ll*-Pt- 

C 
I 

b 2.338(7) i f 2.06(4) ; 

PJP II@ c 2.293(7) i g 2.10(3) ; 
L A 

(841 P^p = dppm) d 2.263(7) i h 2.08(3) ; 

[Pt(PmB) (Ph2mPh2)Bul which has a Tually planar FWCP 4-e 

with multiple P-C bonding (P-C = 1.72 A) (reaction (67)) [4381. 

Na!l 
IPt(dppr) (PEtJIC13+ p 

I 

ZBuLi 

Et3P\pt/y” 1 + H + 

/ \;& o 
J 

a 2.3f7(2) ii b 2.229(2) i! 

Et3P\ /T I I ,.,P'\%"' [clod’ 

2 

ring 

N1+ 

<67) 

2.5.4.13 &&ntczte phosphorus-carbon donor Zigmds 
The carbmion Ph&IHcOOW (L-1 reacts With [{Pd(Ele~NC&CsH4-2)Cl~z1 in a 

Pd:L- ratio of 2:1 to form (85) whereas, when a 1:l ratio is used, (86) is 
formd [203,374a1. (86) reacts with further [Pd(MeGICK2C6H~-2)ClJ~ to yield 
(85), m sh0w&q the nucle0philic character of the 0arb0n atcm c1 to the 
&osphorus. Thisis furtkc shcwn by the reaction of (86) with caxhon di0xide 
inthfunhr anbientc0&iti0nsto formthe insertimproduct (87), inwhich a 
newc-cbondhas~-~*, since the carkm dioxide can be liberated in 
thf solution~ht&%ng inamon, (86) provides the fixst example of a cd&on 
di0xide cami= thatinv0lves reversible C-C bond farmathn [374al. 
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a 2.29(b) i b 2.01(2) i a 2.242(2) i b 2.117(5) ii 

(85) (861 

OEt 

Me N\ /p??_ .,.._. *.- 

c!? 
o 

/ 
x? 

I 
pd,i_.... i . . .._ o,j 

\ 

Thecrystal structures oftkksmkall&edPtBu~ aql=es 

[~Mhu2XMeKH~)C1~~l IM = Pd.or Pt) shaw non-planar 4-1n3hmd ringswhich, 

inthepalladi~mampkx,become tin-e-averaged to aplanar gecm&ry in solution 

[4391. P'Bu, reacts with [@t(tBuGCMzAX2)C1~~] to cleave the chloride 

bridge and form (88) which is also formed in reaction (68); when reaction (68) 

is carriedoutwithonlya 1:lratioofphospYhe ardplatinum 

PtBuS + 2CPt(PhCN~tClpl 

I 
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[Pt(P%u~)(PhCN)C12] is famed [440]. P%u,Ph undeqoes ready palladation 

in the presence of acetate (reaction (69)); Au3 reacts inthe san-ewayeven 

mre readily [4411. Thus, in addition to HCl and Hz elimination, metallation 

may also be achieved by HOAc elimination. 

2[Pt(PtBu2PhW&1 + 2pqQAc + [@d(P%uzPh)Cl(~+%c)1~] 

(64) 

yy\ /P\ ,y 

Hm2c\c~Pd\C,/pd\p~~~*2 

1.5.4.14 StCbine donor Zigands 

The stibine liga&s SbFNe2 (R = (2-pyridyl)mthyl or 8-quimlinyl) have 

been prepared together with their bis-conplexes @&X2] (M = Pd or Pt; X = 

Br, I or SCN) 14421. 

1.5.4.15 Bismuth donor Zigands 

The bis-bismth ligand, (891, and its platinum(II1 complex have been 

prepared and characterised (reaction (70)) 14431. 

D'k(PPh3) 31 

a 2.759(3) i c 2.32(l) ;; 

b 2.466(5) ;; d 2.37(l) ; 

Cl, 
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1.5.5 CornpZexes w-h% Group IV donor Zigands 

Clearly the majority of the ccucplexes involving Group Iv ligands are 

"organorretallic complexes" which have keen specifically exclcaded from this 

review. The use of i3C NMR spectmsazqy in the structural aualysis of 

platinum(I1) am+axes has been reviewad [444]. 

I. 5.5.1 CarbonyZ comptecces 

[M(d) Rz] (R = Me or Ph) react with carbon mnmide to form [Pt(CO)zRz], 

due to the trans-effect of the R group facilitating loss of diolefin. 

spontaneous insertionof carlmnmnoxide into thePt-Rbonddoes notoccur,mr 

can it be prom&& by addition of a nucleophile. Hmever, [Pt(cod)RCll does 

undergo carbon mmxide insertion to yield [Pt(ccd)(a3R)Cl] [390]. 

Haloczlmnyl complexes of palladium(I1) are rare and have not keen well 

characterised. However, a convenient preparation of bans- [{Pd(o3)C12)21 in 

about 60% yield cau be obtained by treatimg PdClz with carbon mmxide (50 

atmspheres) in thionyl chloride at 120 OC. The single v,absorptionat 

2167 cm-l in Nujol is higher than that in the platinum(II) analcgue, due to less 

IT-back donation, which is why palladium(I1) is reluctant to form carkxmyls. 

Att_eq&s to cleave the chloride bridge with tripheuylphosphine result in carbon 

mnoxide displacemn t b Yield [@d(PPh~)C12]21 (Pd:PPh3 = l:l), or 
tram-[Pd(PPh~)zCl2] if ~WD equivalents of triphenylphosphiue are used [445]. 

The syn*ses ad plmbhmistry of a maker of platinmn(I1) alkoxycarbmyl 

wnplexes have keen described 14461. .JJ& 19 5pt_13 c&up1ingconstanti tPanst0 

hxt5a.q phx.phines, as in trans- [Pt(PR3) (aO)Cl2] or tpans to halide or aryl 

groups, are positive; the cis tm bond 31P-Pt-13C couplimg is small and 

negative, whereas the tram 3LP-Pt-13C coupling is large and positive [447]. 

The reaction of 00 and N3 to give CO2 and N20 is promted by solutions of 

palladium(I1) in aqueous hydrochloric acid; addition of -(II) prevents 

deposition of palladium metal [4481. Thecarbnmmxide reductionof 

palladium(II) chloride inqueous solution is autccatalysed by the [Pd(c0)Cl~]- 

anion which can be isolated as its caesium salt [449]. 

1.5.5.2 Cyanide comptexes 

Ed (Cd’5 1 n (CM 4_nl 2- (n = 1, 2 (cis and trans) or 3) have hem prepared by 

reactions (71)-(74) as their ammniumorphosphoniumsalts; tetramzic 

[@d(n3-C,H,) (u-W )rl forms mmam?ic [Pd(r~~+,Hs) &X)21- on reaction with 

~excess cyanide [4501. The structure of polycrystalline T14[Pt(CN)5][COsl has 

~keendeteminedbytime of flightneutronpmderdiffracticm, inordertc 

developthe technique forusewith sat@es forwhichlargeenoughcrystals for 
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[~(‘X’s)3(tht)l- + CN-+ [P~(CSF~)~(CN)]*- + tht (71) 

(tht= tetrahydrothiophen) 

[[~(C~F~)~(WB~)]~]~- + 4CN-4 2cis-[Pd(C~.F~)~((N)~]~- + 2F$r- (72) 

trans-rPd(C6Fs)*(tht)2l + 2CN -+ trans-[Pd(CsFs)z(CN)z12- + tht (73) 

[tm(C6F5) (tht)(ll-c1)~21 + a-+ 2[Pd(C~Fs)(a)3]~- + 2C1- + tht (74) 

single crystal neutron diffraction cannotbeobtained; the &rucUxe involves 

perfectly linear chains with Pt-Pt separations of 3.245(3) i [4511. 

Laser-excited 1Wce studies of [PHI+]" ions doped in sodium 

chloride crystxils have demonstrated the existence of [Pd(CN)412- clusters with 

luminescence similar to that from single crystals of Ba[W(CN)4].4H20 [452], 

which itself involves a short-lived coqonent (<‘lo ns) centred at about 

26,000 crt? and a long-lived (2 ms at 5 K) component at about 19,000 an-'. 

The 26,000 cm-' transition shows a strong teqerature aependence due to the 

changing pd-w separation [4531. Doping of [Ni(CN)r]2- co@exes into 

Ba[Pd(CN)41.4H20 Single Crystals ~WZD&S SeleCtiVely the host emission by a 

phorxon-assistedhoppingprocess towards aquen&iqregionwitha fllbsequent 

isotropic radiationless energy transfer to the quencher [454]. 

Hydrogen atoms generated by y-radiolysis of aqueous sulphuric acid 

matrices at 77 K add to [POSIT- to form [H-Pt(CN)412- ions in which the 

unpaired electron is in a u orbital confined to hydrogen (Q 35%) and platinum; 

electron addition foll.o@ad by proton addition in m&harxA matrices forms the 

sane ccmplex [455]. 

1.5.5.3 Isonitrile and carbene complexes 

The platinum(I1) carbene coqlex [Pt(PEt3)C /- 

bh 
)C121 is oornrertedintia 

carbonyl aqlex [Pt(PEt~)(oO)Cl~], by loss of PhNREt on treatnxant with COC12 

and NEk3, and into an isonitrile ccarplex [Pt(PEt3)(PhNC)Clp] by loss of ethanol 

on treatment with AlCl3 and NEt3 [4561. tram- [Pt (PR3 ) (R'NC) Cl2 I may be 

prepared by treating [Pt(PR3)Cl212 with isonitriles at low temperatures (at loom 

wature only the cis-isorrer is obtained). Treatmentof 

tram-Pt (P'Ek12~pr) (CBE6HrMe4)C121 with 4-toluidine at 20 OC gives 

trans-[Pt(PtW12nhr)fC(NHCsH4~4)2)C121, the first exanple of a trans-ccnrpla 

not involving a cyclic carbens formed by fission of an electron-rich olefin 

r4571. 

Electroreduction of ks- and trans-[Pt(RkC)pXg] occursbytwo mible 

one-electron steps 14581. 
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I. 5.5.4 Garborune Zigands 

!l?reatmnt of [M(PhCN)2C&] (M = Pd or P-t) with the arsinocarkmme (90) 

yields (91) (reaction (75)) [459]. Treatment of [pt(PPh3)2C12] with 

NaZCzB8Hlo in thf yields [Pt(PPh3)2(C2BeHlo)], in which both the carbon atoms 

of the carbratx coordinate to platimm(I1) [460]. 

CH(PhCN)2C123 + 

(91) 

1.5.5.5 SiZicon and gmnuniwn donor Zigands 

Ph2PCH2CH2SiHR1R2 (R1,R2 = H, Me or Ph) mdergc rapid oxidative-addition 

with Wt(cod)2] in ether at mm temperature to form 

c~s-[P~(PP~~CH~CH~S~R~R~)~], in which the Pt-Si and Pt-P kond lengths 

(R1 = R2 = I%?) are 2.342(8)/2.368(6) i and 2.374(6)/2.317(6) i, respectively. 

When R1 # R', racemicandm&mJiastereoi Somers are formed in varying ratios, 

consistentwithasymrretric inductionduringthe step&se chelationtogive the 

racemic complex as the preferred isomr C4611. 

[Pt(PEt3)3H]BPh4 react with M3X (E = Si or Ge; X = H, F, Cl, Br or I) to 

give initial platinum(IV) cmplexes at213K,whichdeccqosetc 

tram-[R(PEt3)2 (E&X)H] on warming; with SiH4 and SiH3C1, nc platinum(IV) 

~tecouldbedetected; GeH4 and S&F did not react at all [38]. 

1.5.5.6 Tin donor Zigands 

SnP4e3Ar complexes react with [Pt(PPh3)2&H4)] to form a mixture of 

cis-D?t(PPh3)2(SnW3)Arl and cis-[~(~h3)2(S~2Ar)Mel; when Ar = Ph, the 

mixture catalyses the redistribution of SnMesPh tc Snt&z~ and SnMesPh2 [4621. 

Oxidative-addition of SrArgH to [Pt{P(OPh) 3 141 form 
tmns-[pt{p(OPh)3}2(SnP;rs) 21, which is also formed when oxalzite is displaced 
frcm WtIP(OPh) 3)2(C204)1 by SnArsH [463]. 

Single crystal X-ray diffraction slxms a Pd-Sn bond length of 2.473(6) i 

in EPPhl,l,[W(SnC13)C131 14641. ~interest in mk5ng (PtIL1L2L31 (because 

they muld be useful in: (i) *mm-effect studies of ligarkis with variable 

electronic and steric parameters, (ii) asymmtric syntheses, and (iii) 
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hmcgeneous hydmgenation and polymerisation catalysis) led to the isolation 

of [pt(pEt~){Phc(~~)=NoH)(SnCl~)c1] by reaction (76) [465]. 

NH2 
[Pt(PEt~)(SnC13)C11, + 2PhC (76) 

NOH 

a 2.501(l) i c 2.325(3) ;; 

b 2.097(7) i d 2.242(3) i 

A ocmparison of [pt(PPh3)z(SnPhs1CU and Ft(PPh~)~(SnCl~)cll, in respect 

of the isanerisation of 1,5-cad, show& that, in'the presence of excess of the 

mtalyst SnphBCl 01: SnCl2, the SnCl3- canplex catalyzed isomrisation and 

hydrogenation whereas the SnPhs- ccqlex gave alm>st exclusively ismerisation 

14661. Similar1y, [bk~,N]~[Pt(SnCl~) +Zl] catalyses both the hydmgena tion and 

isomrisation of olefins [467]. 

trans-[Ft(PPh~)d3Xl (X = Cl, Br or I) reacts with Sr& in chloroform or 

acetone to give tmzns-[Pt (PPh3)2H(SnX3)l which, with excess SnX2 in acetone, 

forms [pt(pPh~)2H(SnX3)(SnX2)].Me203. Mdition of LiX in acetone or addition 

of dmf to trans-[Pt(PPh3)2H(SnX3)] regenerates trans-[Pt(PPh3)2HXl [4681. 

1.5.6 Complexes wfth Group III donor zigan& 

The CcmpleteNMRspectmm of the B1~H12~- Grmd b-~ iW@M32Ph) 2 0310H12)l 

has been recorded by lH{l'B) and 'lB{lH) NMR spectroscopies and assigned [469]. 

&action of cis-[pt(pMe~Ph) 2cL21 with excess BgH14- yields 

[Pt(PMenPh)z (amchno-B.gHlz)] in which the Be unit is trihapto bonded to 

platirnrm(II), as well as [Pt2(PMenPh)2(B6Hg)21. When 

[Pt(PMezPh)ztarachno-BsHla) 1 is treated with potassim hydride, follcmd by 

c~s-[Pt(PNe2Ph) 2C12 1, 1 (~;?Ph)nPt((L-arachno-BeH1a)Pt(PMezPh)21 is obtained, 
in which the borane bonds to both platinum(I1) atcms,in a trihapto manner (4701. 
TYeatrmxxt of 4-XBeH12 (X = CIi 2, NH or S) with [Pt(PPh3)+] gives 

[Pt@Ph3 )2MfhH10) 1, bbich are isoelectronic with ni&-6-CBgH13 [471], 

1.5.7 Hydride complexes 

H.C. Clark has reviewed his interest in plaUnum(ZI)-hydride camplexes 

[472]. Asimple route for the preparationofplatinm(II)-Wideazmplexes 
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under mildconditions and freeofbyproducts, usesdihydrogena~ the source 

of hydride ligd (reaction (77)); after precipitation of &%3WnCl3, only the 

1. HZ 
2. MazNcl 

cis-[Pt(P(C6H4X-p)3}2C121 + 2x12 l trans-[P~{P(C~HI,X-~) 31I-FZ13 
=3,-temp. 

(X = OMe, Me, H, F or Cl) 

+MeoNsncl3 (77) 

startiqn-&erial,whichis somtims a cis/tmns mixture, and the pmductare 

present suggesting that a series of equilibria are set up [4731. An 
alternative route tohydride complexes thatispartimlarly suitablewhenbulky 

phosphines are present is given in reaction (78); the yield of hydride is 

negligible if benzene or hexane are substituted for mkhanol [4741- 

4PR3 

1 + 2NaCl 

l0 2 

trrns-CPt (PR3) pHCl 3 + 

Thermally stable tram-ktLzH(R)l (L = F'Mea, pEt3, m3, Pim3, pt=2, 

orPtElu2B&; R=MeorPh) canbeckained ingoodyield fmthermally 

unstable mthoxy (reaction (79)) or farnrate (reaction (80)) -1-s WI- 
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~YW~~-[PI&XRI (x = Cl, OH or IWaNe) 

fi=dope 
[P&.JMe(OH)] + HcoofI k rPt(rL)Ne(aCH) 1 

> -20 oc in solution 
l 

x-cam tenqxrature 
in solid state 

P-t (Lr\L)Me (HI 1 + CD2 (80) 

Treatment of t~~~72s-[Pt(P%u~)~HC1] with Ag[PF6] in methanol or acetone 

yields three-coordinate [Pt(P%u3) 2Hl [PF6] which reacts with carbon rmmcide, 

acetonitrile, or water to form tmns-[Pt(P%u~)~HLl [PFs] (L = a3, WCN or HzO) 

whereas, with P%Q, Pcych3, or anmmia, [Pt(P'Du3)2] is farmed [475]. 
t [Pt(P Pu2Ph) (CZHI+)~] reacts with D (300 atmspheres) at 15 OC in light 

petroleum over a period of 5 days to fom Et5(P%u2Ph)5HB1 ,whichhas a 

distorted trigonal bipyramid ofplatinumatmswith aphosphine bound to the 

threepla~~atcwsinthetrigondLplane,aphosphineandaterminalhydride 

bmmdto the axialplatinumatcpns, and sixhydridebridgeslinking the axial 

and trigonal plane platinum atans; in soluticmthecox@exhast~averaged 

D3h symrretry 14761. when the same reaction iscarriedoutusing 

[Pt(PtRu3)(C2H4)2], large yellow crystals of (Pt3(P~~3)3H6] are formed after 

16 hours, with a triganalplanararrangementofplatimrmatcms eachboundto a 

terminal hydride and a phosphinewiththe Pt-Ptbondsbridgedbyhydxides. 

Treatmnt of a toluene solution of [Pt3(PtDu3)3H~] with ethylene yields ethane 

and E'tt) (P'EW 4H2 I; the latter involves a tetrahedral cluster of platinum 
atms; the hydride ligarkds (vPt_R = 1800, 1650 m-l) were not located by X-ray 

diffraction and are fluxional in solution 14771. Thenatuxeofthepmductis 

clearly critically dependent on the phosphine, since [Pt(PZPr2Ph)(C2H~)2] on 

treatment with dihydrogen (300 atmospheres) in light petroleum at 15 OC for 

16 hours yields Etr(PiPr2Ph)4Hsl (vPtH = 2100, 1550 an-l) which has a 

tetrahedrdl. arranmtof platinumatcms and is fluxional under ambient 

conditions [477]. 

A themmgravimatric study of tram-[~t@Ph~)zHCl] shows loss of benzene 

and fomaticm of [@t(PPhs)(PPPh2)Cl]~l at 230 OC [478]. 
1,8-Diazabicyclo[5,4,Olundec-7-ene (DE%J) is a ccemercially available 

dehydrochlorlnating agentthatenables trans-[Pt(PPh3)2HCl] to be used as a 
so.nxe of V't"(PPh&" (reaction (81)) [479]. . 
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C6%, rocm t=P. 
tram-[Pt (PPh,) zI-?Cl] + DFKJ + PhECPh w E't(PPh3)~(PhECPh)l 

or MeOH, reflux 

+ DBU.HCl (81) 

Reaction (82) has been used to prepare hydride bridged platinumiridim 

ccmplexes [4801. 

Far W irradiation of [M(FE~~)J] (M = Pd or Pt) in aqueous acid solutions 

yields hydmga and [M(PEIL~)~(H~O)]~+ 14811. When M = Pt, at p&l 2.5 in dilute 

sulphuric acid persulphate is also formed, giving a net reaction as in 

reaction (83); 31P ElMR spectrosmpic data suggest that IPt(PSt3)3(H20)12+, 

[*(pEt3 13 (S&H) 1 +, and [IPtPEt31312SO01 are all present in solution and are 

hv, [RG’Eh) 31 
2H2=4 ) HP + H2S20a (83) 

linkedbyom@exequilibria. Schema 4 represents thecatalytic cycle,which 

can be entered using [Pt(PE&) 31, PtU?EX3)3Hl+, or EtPEk3)3 (CSQH)l+ L4821. 
AI-I ab initio M) calculation has indicated that, in the oxidative-addition 

of dihydrogen to [Pt(PH3)2], the transition state invclves bending the P-Pt-P 

angle to 150° and only a 4% extension of the H-H bond. The initial product is 

cis-[Pt(PH3)2H2] which is calculated to be between 4 and 12 IGJ ml-' less stable 

than the truns-iscmer [483,484]. 

Thereducti~elimina tion of dihydmgm frcm D?t2tdppn)zH31[PF6 1 

(reaction (84)) is intramLecular, since amjxtureofthe H3 andD3 ccqlexes 

gives almst exclusively HP and DP, and involves an initial bimlecular 

reaction between Pt2@p~2H31 [PFs] and the entering phosphine '[485-487a]; 

methanetbiolregeneratesanA_frmoeccanplex, althoughrefluxing 

[Pt(dppa)~ (LIHI [PFs 1 with NaOH in methaml or treatmant with Li[Al&] or Na[EE14] 

gives no reaction [486]. Na[BH4] reacts with the bridging ligaud in 

I=2 (dppn) am2 (P-b) 1 [m61 and [w2 (dppn> n-2 b-(=) 1 PF61 to form 

[*2 kkd 2Me2 b-I-0 1 [m6 1, ix-~ which the dihedral angle betwefm the platinum 
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P-31 

(P = PEx3; forcmwmienaethe 

+ HzSOc I 
H2S04 4 

t 

P+P 
OSO3H _ 

H2 

r i -I * 
H2SC’r p\ AP 

e- 

P ~ptbQ3H 

I- -l 

[HS&]- counterion is not shawn). 

ScheIE 4: Phmtolysis of dphuric acid [482]. 

P-P 
I I 
Pt ‘“’ Pt 

‘H 
EPFCl + L tPFb3 + Ha 

I 

pvp 
(Pa = dppa) (L = q ‘-dppr, PPhS, CO or RCNR) 

L - ,‘-dppr, a = 2,248~z.289 A 
b n 2.347 A 
c = 2,769 A 

PAP 

“1 I I 

Pt\g./Pt 
A” 

I I 

I I 

CPFII + L 

PGP 
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although the tungsten analogue IptWi~-C(~)CgH4~-4)(PMe3)31, which has a I?+W 

bond of 2.825(l) i and an asyntnetrically bridging carbene grc~p (C-W = 2.37(l) 
i; C-Pt = 2.03(l) ;I has no semi-bridging carbonyl [490,491]. The presence 

ofthephosphine ligandonthe tur~~stenandthechromi~of (94) enhances the 
stability of these complexes, in cchnparisonto theirpurelycarbonylanalcgues. 
Treatint of the allrylidyne complex lW(cp)(C0)2(CQH1@?-4)] with 2-equivalents 
of [Pt(C2Hb)3] or [Pd(C&o)3] yields the non-linear trimeta species (95) 

r4921; with l-equivalent of [Pt(J?Me~)2(C2H4)lr [~~(~~)PW(CL-CC~H~-~)P~.(PM~~) 21 

is formed 14931 which is readily protonated (Scheme 6) [4941. me 

r 

a 2.895(l) i c 2.259(9) ;; 

b 2.109(g) i 

scheme 6: Interconversion of scm~ @t-W) ccunplexes (Ar = I-MeCsH4,) [494]. 

manganesecarbene cunplex (96) reacts with P~(PB~)z(CZH~)I to form a car-e 
bridged cc@ex, which is deprotonat&I with [Ne~Ol[EF~l to form a carbyne 
bridged azqlex (97) (reaction (85)) [4911; the atialogous rhenium complexes 
have also been prepared t4911. 

Dtiric F&I1 ccnnplexes inwhichmolybden~, iron, at?dcobaltcarbonyl 
moieties act as kzidging thr~electron donor ligands havebeenpreparedas in 
SchESE 7 14951. When a 3:l ratio of [Fk3(cO)11J2- and a n&al(II) salt (Mc12, 
K2 [MClsl, [MGhCN) 2Cl21, or PWEX2) 2C12l (M = M or Pt)) are m&d tosether 

CFe4M (CO) 16 1 2--1 (98), is forn&, together with Fe2+ and carbon mide. !ITk 
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M = Pt, a = 2.713(l) i 

b = 2.02(l) ;, Q = 165“ 

(9.5) (Ar = 4-IfeC6H4) 

(96) (Ar = 4-MeCsH4) 

(03) 
/ 

-3 

YMe. 

I 

a 2.628(l) i c 1.829(8) i 

b 1.968(l) i 

(97) 

stoichicxr&ry of this reaction is rather critical and if mre platinum(I1) is 

added the initially foxmed (98) is rapidly converted into the mare oxidised 

anions [FeSt~(cO)~512- and [FeSts(CD)2z12', whenms excess palladium(I1) 

oxidised (98) to [Fell and palladium metal 14961. Slew reaction over 

5-u says of (?MBA)2m=sm)I3 1 (?MBA = -3 (PhcH&) with one equivalent of 

K2NCLl affords mainly WeO3~1, [Fe~(CO)13Hl, EeQd(cO)~~12' and small 
amxmts of precipitated (99) and (lUO), Mhich are linked by equilibrium (86); 

(99) has a trigonal prismatic array of 6 palladium atoms with the 6 lateral 
faces eachcappedbyan ironatcmcarryingtsmterWnalcarbonylligands; 
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NPctlo(cp) (CO)sli 
I 

KCFe(CO)S(NOII 

NaCCotCo) t] 

\ 

a 2.832(l) i e 2.28(l) i 

b 2.788(l) i f 2.39(l) i 

c 2.470(3) ; g 2.20(l) i 

d 2.454(3) i h 2.37(l) i 

a 2.597(l) i d 2.434(2) i 

b 2.595(l) i e 2.170(8) i 

c 2.434(2) i f 2.138(9) i 

schE¶E 7: Syntheses of (PdnM) complexes (M = Fe, MO or Cd [4951. 

6 caxbonyls dmbly bridge the 6 Fe-Pd bonds connecking the tm quasi-planar 
Fe&i3 units, and 6 triply bridge the 6 FeFd2 triangles [4961. 

[Pt(HNC)2M2] (R = %u. or cych; M = cpM'(cx))3, M' = Ck, MO or W; M = 
Mn(W5, Fe(CO)eNO or C!o(aO)+) are reduced in non-aquenIs solution by 
irreversible me-electronreductionthatinvolve~~~ OforbsPt-Mkwnd 
[497]. 

[Rh(Ph2P2-~)2(CO)Cll reacts with [W(ccd)Cl21 to form the W-Rh bonded 
axnplex (IUI), by oxidative-addition of de palladium(II) to an isoelectronic da 
rhodium(I) -areactionthatisot.hertjiseunknawn; it presumbly occurs 
because the PhzP(2-py) ligand brings the IXQ metal a&@~ w close tog- 
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(98) Fe-Pd = 2.599 i average 

Fe-Pt = 2.601 i average 

&Pm 

1-13 [Fed?ds(cO) 24Hl - [-13Hffi6l?& (a) 241 (86) 

(99) (100) 

f4981. [pt(FTh3)~1 inserts intitheAul<bond in [Zu(PPh3)Rl (R = CH3 or 

C&15) to form [Pt(AuPJ?hs) (PPh3)pR_l; &en R = C6C15, the product is xwmmred 

~~g~frcmboilingxyleneafterttJoh~swfiereasthernethyloourpaund 

deccmpses. ThusthestabilityofthePt-Aubandisenhancedbythegreater 

size and electronegativiky of the C&l5 ligand, as found with other Pt-M konds 

c4991. A similar insertion into an Hg"-C bond is !&mm in reaction (87) 

[5001. 

a 2.594(l) i c 2.220(4) i 

b 2.393(4) i d 2.13(l) ii 
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B 
z 

C6Hs-C _-mloHlg + E’tU’Ph3)31 + 

fIgBr 

! 
z 

GH5- $--I oH1 

&I 

1 
a 

Bs- bPt a_FPh3 
C 

I 
PPh, 

+ PPh3 (87) 

D 
a 2.499(2) A c 2.30 i 

b 2.36 i d 2.31;; 

1.5.9 Substitution reactions of complexes of the divatent metab 

A study of the substitution of X in the rigid platinum(I1) cmplwes 
IPt(Fo)Xl (H2Fo = 1-(2-hydmxy@en yl)-3,5-diphenylfomazan; X = NH3 or py) by 
thiourea, triphenylphosphine, bdthiocyanatehas shownthatthereactionsoccur 
by an aSsoCi.atiVe mechanism in which steric effects are iqmrtant [501]. A 
nmber Of substitution reactions on coqlexes with bulky ligands have been shorn 
to cccmbyan associativemechanism, in spite of thepresenceofbulkyligands; 
these include chloride anation of [W(1,1,7,7-Et4(dien)(H~0)]2' and 
CPd(1,1,4-Et&&n) (H20)12+ (by volume of activation mas urements) [5021, 
replacement of cl- by NCS- in tram-[Pt(PPhs)2Cl(R)l (R = 2-substituted 
polychloroph~l) 15031, and the replacemen tof F3k- bythiourea in 
trans-[~(PEt3)2BT.(mesityl)l in ethanol, dmso, and benzene C5041. 

The replaceamn t of aqua or dmsc ligands in [Pt(dien)L12* (L = H20 or dmso) 
bythebiphilicreagentsSeCN~and thiourea and, to a lesser extent, SCN- occur 
n-ore slowlywith these 2+ chaxgedcationsthan expected on the basis of the n"Pt 
scale; for these cations the nucleophilicity scale is Cl- < NJ- < Rr- <. 
thiourea < SCN- < I- < S~CN- < S203~-; dmso is a xrore discriminating leaving 
group than water [5051. 

A series of papers have attempted to quantitatively predict the kinetics 
of substitution at square-@narmetalca@exes, basedonthe properties of the 

entering and departing ligands [SOS-SOS]. 

1.6 P-m(I) m PLFEINW(I) 

1.6.1 Complexes with tertiary phosphines 
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in section 1.5.7 (equation (84)) [487a]. The platinum( I)-hydride (1021, 
fonnd by reductive-e1 imination of dihydrogen fm [Pt2(dp@)2H3][PFs] undergoes 

oxidative-addition with ethyne (reaction (88)) 14871. This latter reaction is 

+RCsCR 

I 
-Hz 

+RCsCR J -CO 

PnP 

I I 2 +RC=CR 
H- Pt Pt 

I I 

-Ill 

I 

CPFLl c___) 

C\ CHeCl 2 
R 

pvp 

- (102; R = CF3 or COOPlab 

P-P 

I I 
i--Pt -Pt--C[ 

I I p\/p I 
+ 

I 

(88) 

PAP 

I > /“I =c, 

H\ ,Pt 
R/“-CkR 

I 
PtyC* 
I 

pvp I 
-1 

similar to reaction (89), in which ethyne derivatives add oxidatively to 

palladium(I) [510]. CS2 undergoes a similar oxidative-additiun (reaction (90)) 

I5111 . 

An ESCA study of CPt2k3pp)Cl21 and P~~MPP)HLI EPF61 (L = T?-&F& CO or 

PPh3) has established the pt 4f7/2 energy levels in these platinum(I) qlexes. 

This enabled the formulation of [Pt(dplmn)2Mesl, (84), with a Me2P-t II + #Me 

dative bond as opposed to the altemativeWET1- Pt*I%e2, tobe confirmad 

[435a]. 

A number of palladium(I) oorrplexes of di- and tri-phosphines have keen 

prepared from [Pd~(C!NMe)~][PF~]~ (reactions (91) and (92)); the tw palladium 

squar~planes in the prcducts are twisted at 90" to each other. Neitherof 
these palladium(I) dimars sh~anytendencyto insert carkonrroncxideormethyl 

isccyanide into the W-W bond ]5121. 

Thevalue of selectivepqulationtransferexperjnwts in identifying 

resonances in the NMR spectrum of a single isota_lxmes and, consequently, in 
facilitating spectral analysis has been an&rated by a study of the 31P{1H] 

NW7 qectrum of [(PPh,),pt(~-S)Pt(PPh~)cO] (5133. 
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P-P 

Ch-fd ’ -Pd -Cl 
I 1 
P-P 

(P-P = dppn) 

P-P 
I I 

cl-p~~t-cl 

(P^P = dppn) 

PAP 

I I 
+ RCWR - 

Cl\ /Cl 
Pd 

IPd 

2=x I 

(89) 

I 

pvp 

(R = CFs, COOtIe or CDOEt 1 

PAP 

I /Cl I /Cl 
Pt Pt 

(tll?SJ qc ‘I ‘I 
PGP 

T ReI 

P-P 

CH2C12 Cl, I 
+ csp - 

I 
Pt\ 

ptyC1 

I 
s&c-“’ 1 

pvp 

1 HeOS02CF1 

PAP 

(90) 

Cl\c I I 
Pt 1 

bc-> Pt 
Y1 

I I I 

pvp 
a 2.175 i c 2.427 i 

b 2.305 ii d 2.363 ii 

f P^p 
p"p = Ph2P(CEiQ??h2 

l 
n = 2-4 or cis-Ph~K!H=C!UPPh~ 



1.6.2 Acetonitrile com$exes 

The vibrational spectra of 1M2(MKN)~l [PF612 (M = Pd. or Pt) and 

[PtPd@eCN)6llPF~l2 have keen analysed yd the M-M force constant shmn to 

decrease in the order Pt-P-t (1.30 mdyn/A) > Pt-Pd (1.03 ndyn/i) ) pd-pd 

(0.80 w/i). The axial M-N bonds (Pt-N = 2.4 mdyn/& W-N = 1.2 m&n/i) 

are strollger than the equatorial bonds @t-N= 3.4 mAy&; W-N = 2.4 mIyr&) 

with the bonds to platinum being stronger than to palladium [514]. 

1.6.3 Curbony complexes 

Icdine reacts with [CPtIP%u3) (p-CO131 to form [CPt(P%u3) (COG (u-I))21 

which urderyoes intramolecular mtallation in the presence of excess iodine to 

give ~IPt(PtEU2CS2CH2) b-11121 C5151. IPd4(00)4(02CMe)1t1 reacts with 
l,lO-phenanthroline to form [pd~(~)2(phen)4][02CMe]~, (103), which is also 

formzd when pdLladium(II) ethanoate is treated with l,lO-phenanthrolim in 

ethanoic acid at 50 OC in the presence of carbon monoxide [516,517]. 

(103) 

1.7 PAlxADIuM HmFuDE 

(phen) 

4+ 

Since theassimtofanoxidation state to palladium in its hydrides is 

meaningless, palladium hydride species are described in a section of their own 

this year. Ab initio SCF calculations have keen performed on PdR which 

demonstrate invol vement of the RI 4d electrons in the bonding [518]. Y'-WHI, 
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forms cubic crystals [519]. 

octahedrally sited with Pd-Pd 

In tetragonal Pd3H4 the palladium atm are 

separations of 

1.8 PALtADIuEI(O) ma3 -(O) 

1.8.2 CornpZexes with Group VI donor ligm.ds 

The nucleophilic character of oxygen in 

2.64 ; [520]. 

[Pt(PPh3)2021 has been reviewed 

[521]* Insertion of ketones into [Pd(PPhs)202] occursbyadualpathway 

nechauisln; themajorpathmy involves precoordinationof theketonetc the 

vacant axial site, followed by insertion to yield [PPh3),pt/ox ,MW' The 

minor pathway involves prior activation of dioxygen, perhaps as 
6+ - 

(PPh&PtG: 15221. Although no reaction occurs wheu [Pt(PPh~)zO~l is 

irradiatedabove 300 nmindioxygen saturatedchloroform, inthe absenceof 

diaxygen, "Pt(PPh3)2" and singlet oxygen are the primary pho tocrcducts form&i _ 

15231. [P&,~(phen)~+ (O~)~(OAc)2] is forn-ed when palladium(I1) acetate is 

treatedwithl,lO-phenanthroline anddihydmgm I followed by mposure to air 

[524]. 

Sulphines, XYC=S=O, can be divided into four groups according to their 

reactivity with [Pt(PPh3)+] [525]: 

(i) PhzC=S=O form stable u2-CS coordinated [Pt(PPh~)~(Ph2CSC)] complexes 

[525,526]. 

(ii) Sulphines with one C-S side bond, (RS)R'C=S=O give rise to 

stereoisomaric coordination ccmplexes, (104) and (I&), in which +Cs 

bonding is present. These coordination stereoisomers are present in 

ph3p\ /pph3 
Pt 

R’\ A 
A- s//O 

Rs 

Ph3P 

'a/ 

PPh3 

(104; E) (205; Z) 

equilibriUnwiththe oxidative-addition stereoi scmers (106) and (707) 

[525,527]. This oxidative-addition is more difficult when PPhs is 

replaced by Pcych~ 15261. 

(iii) After forming an r?-CS bonded cmplex [Pt(PPh3)2C(RS)nC=S=O~], 

sulghines with l%m C-S side bonds undergo oxidative-addition to yield the 

stereoismers cis-(E) and cis-(Z)-L?t(PPh3)~(F?S) (RSCSO)I, which again is 
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/7+” 
s\ Th3 
/“-f;“-“’ 

R' RS R’ RS 

(106; E) (207; 2) 

mre difficult with Pcych3 than with PPh3 [525,526]. Ccmplwes 

[Pt(PPh3)2{X(RS)C=S=O~l containing a C-S side bond syn to the S=O group 

areunstable inchloroform, relative totheir corresponding 

oxidativeaddition products, while those without such a syn C-S group 

have almost the same themm&mmic stability as their midativeaddition 

products. 

(iv) sUl&Wnes witha C-Clside bond fom~2-CSbonded ccqqlexeskbich 

undergo very rapid oxidative-addition to yield c&-(E)-, c&+(Z)-, 

trms-(E)- and trczns-(Z)-[Pt(~h~)2(RSCSO)Cl] 15251. 

[Pt(PPh3)2(CzH4)] reacts with 4-tolylisoselmocyanate to form an n2-bonded 

C-Se cunplex, (108), which is alkylated by methyl iodide at selenium rather 

than nitrogen to yield [Pt(PPh~)(CN4+olyl)I2] as the final product. In 

dichloromthane, [Pt(PPh3)2(C2H4)l reacts with 4-tolylisoselmocyanate to give 

selenium abstraction and formation of (109) which is riot alkylated by Ethyl 

iodide 15281. 

ph3p\ /” 
Ph P/pt\,. 

I 
3 

ph3p\pt/5e\C =Nfir 

ArNC' 'Se' 

1.8.2 Complexes with Group V donor Zigmde 

(1091 fir n C&H,-4-He) 

Cmqlexes of the type [Pd(t~=C!EKT!=N%u) (ol)] (01 = tcne, maleic 

anhydride, din&hyM.m?arateordimethylmaleake) ham-beenprepared frcan 



[Pd(dba)2], [Pd*(dba)3l.Cml3, and EdB(ttaa]31 (ttaa = 

tritoluidineacetylacetone). The advantage of ttaa is that it is only 

sparinqly solublein~thanol, so that it canbeeasily removed [529]. 

otsuka has reviewed his work on [PtL,] cmnplexes inwhichL are bulky 

phosphines .[530]. Jlss,,+lP in [pt(PF3)4] (6480 Hz) is larqer than in 

[Pt(PR3)~1 or [Pt{P(OR) a]~+] because the strongly electroneqative fluorine 

increases the s-character of the phosphoruS lone-pair on pF3, relative to the 

other phosphines [531]. The lumine.scence of [Pt(PPh3)pL] (L = CzH4, tcne, 

fumaronitrile, or tetracyanocyclopropane) is ligaud-centred, but has a 

life-time affected by the heavy atcm 15321. 

The oxidative-addition of methyl iodide to aqed solutions of [Pt(PR3)2] 

ad [Pt(P&)s] cxxmrs in ~WJ steps for phosphiues other thau PPh3. These two 

steps are rapid reaction of [Pt(PR3)2] followed by slower reaction of 

[=(PR3) 31. The rate of oxidative-addition varies with R in the order 

R = C,jH$Tt-4 < C,jH&?-4 < n-C16H3 3< n-CsH17 15331. Cxidativeaddition of 

dihalomthanes, CHRXY (C&12, cHpBr2, CR&Cl, CHzRrI, CH2C11, or CHEk3) to 

[FT(PP~B)z(C~H~)I yields tram- and usually also ci~-[Pt(PPh~)~ (CXEWYI, of 

which the structure of cis-[Pt(PPh3)2(CH2I)I] has bsen determined by X-ray 

diffraction (IX-Pkrans to C = 2.355(7) i; Pt-Ptrans to I = 2.228(6) &. By 

contrast, diicdcmethane reacts with [Pt(FEt3)3] to form 

~rans-[pt(PEt3)2(cH2pEt3)1]1 15341. CH2C12 can add oxidatively to 

[Pt(PPh~)2(C2H~)] either in the presence of light or on addition of the double 

ylide (Me~Si)2NP(=ETsiMe3)2 which reacts with HC~; in both cases the products 

are cis- and t~ans-[Pt(PPh3)~(CH~Cl)C11 and ci~-[Pt(PPh~)~Cl~] [535]. N203 

reacts with [M(PPhg)+] (M = Pd or Pt) to form [M(PPh3)2(m2)2], if the reaction 

is carried out under dihitmgen, and [M(PPh3)2(N02)(ND3)l if dioxygen is 
present [536]. 

[WMPFd 21 has keen prepared using Na[ESEI41 reducthn of palladium(1I) 

amplexes (reaction (93)). ff carlmnmmoxideis_present, thenatureof the 

[~Pd(dppn)C1]2] 

NaBI + dpFm 
Ed (dpFm)Clzl Ed(dppn)21 (93) 

rPd(PhCN) 2c121 

product depmds on the solvent (reaction (94)). AU of these palladim&m 
amplexescataly~ethe hydroconaensationofdihy&ogmwith carbondioxide; 
[Pd(dppm)2] was the most effective, giving C&(40 vl), HCOXt (400 ml) and 

wxt)2 (0.4 NIT011 r5371. 
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[W(dppn)Clzl + -4 + co / 

\ EtOIiI/Me203 

(94) 

[Pd(diop)~] is dynamic with an activation energy (41.2 kJ ml-'), rather 

lm than that of Et(diop) 21 (48 kJ ml-') [5381. 

l-8.3 Carbonyi! complexes 

F&views of cluster chemistry and of Chini's work cm large carbonyl clusters 

have keen plblished [539,540]. The effects of size cm the electrcnic 

properties of clusters of up to 79 atans have been examined. Theadscrption 

energies of hydrogen, CZ, or oxygen mlecules on different clusters shm a 

widelyvarying size dependence,whichcanbe related tc the electronic 

proparties of the cluster [541]. By treating a cluster as a perturbed 

spherical shell or an assembly of concentric spherical shells, electron-counting 

rules for cluster canpoundshavebeendevelqed,whichexplaintheccmmm 

preference for triangulated polyhedral structures, as well as shcwinghow 

departures frcxn such structures can arise 15421. 

The field desorptim mass spectra of EPt3(CO)3(FPh~)41, [R~(CO)5(PPh~)41, 

and [PQ.(cO)~(PEt3)~] shmn-olecular ion and [M-CO),]'+ peaks [543]. The 

nuclearity of platin um-carbonyl-phosphine clusters in solution can be 

detezmbad by 31P NMEI spectroscqy using the mltiplicity data in the lg5pt 

satellites. 2J~95pt_3~P and 3J3+3~p canbe useful indicators for the 

presence of Pt-Pt bonds, k&ng rather large (419-488 and 56-63 Hz, respectively) 

when a Pt-EJt bmd is present C5441. 

A new high yield synthesis of [Pt5(CO)~(FFh3)~1 has been described (5451. 

Thermdl decaqmsiticm of E-t3(cO)6]n2- (n = 2 or 3) in acetonitrile yields 

m=19 EO) 223 4- and [pt13(oo)1714-, td~ich react with acids b form 

[Pt3a(W44H4 12- d [m26 (00) 32H2] 2-, respectively [546]. WWhn*)z(NDn) 21 

reacts with carbon rmnoxide to fom DXI4KD)3 (FPh&z)41, (IZO), Ed-Pd = 

2.750(2) ;; mean; M-P = 2.315(4) &ean; W-C = 2.085(16) i mean), Co:!, N20 

and other unid~tified products [547]. PalladiumUI) ethanoakereactswith 

carbonrtmmxide inthepres~ce of P%u3 in dioxane tc form [~10(00)120='-h)61 

and Bho(C0)14(PEiu3) 41 whi& are pbcipitated on addition of acetcne. 

[f?&O(~)12(m3)61 b~~lVes a tetracapped octahedral ofpalladiumatmswith 

"slightly apened" caps; the slight apenjng may be due to the fact that the 



L 

(1101 L = PPhztle) 

16 skeletal electrons are mre than Wade's rules requireforancxkah~ 

[548]. When the reaction between palladium(I1) ethanoateandcarkxmmonoxide 

is performed in aqueous ethamic acid containing triflwrcacetic acid, WI2 

ClUs*S, [F'd12(CDl13(PR3)7] (R = %u or Et) and Ed~~(cO)17(P~3)5] are 

obtained [549] *weas, if R2S (R = Me, M, Pr or Bu) are present, 

[WtRzSI3(cOI 1 are formed which react with PPh3 to form Ed(PPh3),] [SSO]. 

1.8.4 Reactions Of c302 with ptiZti?lLUR(0) COmpZeXeS 

c302 E?acts 

[5511. 

with platinum (0) cca@exes as shown in reactions (95) and (96) 

[PtWPh3)2GH4)] + C302.-> (95) 

1.8.5 n2-EP Zigands 

Excess %uC=P displaces ethylene frum IPt(PPh312(C2Hb) 1 to form (1111, in 
whichtheligandis v2-kmdedwithno significant interacticmbtween the 

phosphorus lone-pair and platinum(O) [552]. j 
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; 

=h 
lb 

a 2.292(S) i e 1.672(17) ;; 

..==-m cm: : 
b 2.285(5) ii 

/ 

LbetweenPtP2aIldPtFc 
tW1-C" 

\ 
* 1 :d c 1.973(21) ; planes = 6.7' 

e i d 2.320(6) i 

(111) 

1.8.6 ColllpZexes with other transition metals 

The use of [Pt(C2H4)31, [PWR3)3_n GH41,l In = 1 or 21, and [ptkod)~l 

in thepreparationofmultiuAezwcmqlexeswith Pt-Mkcndshas ken reviewd 

L5531. Interest in the resulting products lies in: (i) activation of smll 

organic ligatkkkondedtomre thanonerr&al cm-; (ii) the core gecrnetries 

of small clusters inrelaOiontothexnanberofvalenceelectronsKesent; 

(iii) the properties of heteronuclear in comparison to hamnuclear metal-metal 

bonds; (iv) dynamic khaviour of the peripheral ligands. Platinum-manganese 

and platinuwrhenium complexes with bridging Cs ligands have been prepax& as 

in reaction (97) [5541. 

+ CzH4 
(M = Ml or Re) 

[M(q) (co) 2 (=I 1 + [pt(Ph) 2 (C~HI,) I - 

a 2.641(l) i d 2.335(2) ;; 

b 2.015(S) ; e 2.308(2) i 

c 2.220(9) i 

I tMe301 mF,l in CHpClp 
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[Fe3P-t3(O)l31 2- can be prepared by: (i) redox condensation between 

Et3 (co) 6 3 2- and [Fe(cO)sl; (ii) reaction of [Fe3(CO)~ll*- with K2[PtC141 in a 

2: 3 molar ratio, during which the IR spedrum indicates intermediate formation 

of [Fe4Pt(cO)16]2-, and (iii) reaction of [Fe4Pt(cO)1312- in a 1:l 11~1ar ratio 

with Kp[PtC14]. Controlled oxidation of [Fe3Pt3(CD)~312- by iodine, phosphoric 

or sulphuric acids in dichloromthane, or thf yields [Fe3Pt3(00)13 I-, which can 

&r&iucedback to the dinegative anionby treatmentwith~thdnolic alkali 

hydroxide 15551. The crystal structures of [PhCH2KR+31[Fe3Pt3(CO)~ 51 and the 
dianion both involve essentially planar arrangerrents of Pt3, each platinum 

carryingate -1 carbonyl ligand and the P-t-Pt bonds bridged by Fe(CD)b units 

[555] * The EPR spectrum of essentially planar [Fe3P-t3(cO)13]- suggests that 

theunpairedelectrcm ismainlylo~~ted inanon-degenerateMOonthePt3 system 

which, under idealised D3h symmetry may be primarily the a2l* combination of 
three d,, platinm orbitals. The stability of the cluster probably derives 

frm the unpaired electron being localised mainly on the platinum atom, 

togetherwith the stericpropexties of the bridgingFe(~)4 groupswhich hinder 

Spin-pairing by dimerisation [556]. [Fe3P-&(CD)~3]- slmly decomposes to 

[FeGtsKD) 2~1~, apparently by loss of an Fe(m)@ group and orthogmal 

condensation along the pseudeC2 axes of tm resulting trapezoidal 

Fe;?Pt3(03)11*- units to give a tetrahedral Pt4 core [555]. 

[Fep(p-H) (~-CO)2(EI)3]- reacts with [Pt(PPh3)(&H4)2] in thf to form 

D'e2Pt2(k-H) (u-CD)3(cO)3(PPh3) 21-. The struck of the [N(PPh3)3]+ Salt shcws 

an FepPt triangle, edgebridged by three Cx, ligands and capped by a Pt atom 

carrying a terminal Co and PPh3 ligand; the hydride bridges an Fe-P-t bond 

r5571. Pmtonation of this ccn@ex yields [Fe2Ptt2(p-H)2(CO)3(PPh3)21, in which 

an FezPtp tetrahedral core has bridging hydride 1igandS on the longest Fe-Pt 

edges; eachimnhas3temina 1 Co ligands and each platinum a CC and a PPh3 

ligand 15571. IPt(PPh3) (C2H4)21 ad [Pt(COd) (C3H13)1BP41 both react With 

BEt3Hl [Fe3 (CL-H) ko3) (CO)1 01 to form DEt3Hl [Fe3Pt(C1-H) (V.-CD) (C0)13(PPh3)] and 

D&J?t(CO)~(cod)l, reqxactively, thelatterhavinga triangular Pe2Pt corewith 

4 terminal CO ligmds on each iron and cod q4-bonded to platinum [557]. 

lPt(PR3) (GIG)21 (PR3 = Pcychs, PPh3 or P%&Me) react with 

[@~(FL-H)~(~O)~OI to form [OS~P~(~-H)Z(C~)~D(PR~)I, (112), a 58-electron dynamic 
Species with site exchange by bridging hydrides [558]. (112) reacts with donor 

ligands, L, (L = 03, PPh3, or ASPh3) to form [OS~P~(~-H)~(CO)~~(PR~)L], (123), 
inwhichthe 4 mkalatans adoptabutterflyas opposed totetrahedral 

arrangement. With ethynes, (172) form 5 polynuclear species none of which 

contain the Os3Pt cluster which is &viously fairly easily degraded; one of 
these is [OsPt2(00)5(PPh3)2(~-MeECMe)l, (114) 15591. With [OsHn(CD)41, 
[Pt(PR3)2(C2H4)] (R = k, Ph or cych) reacts to form [OspPtp(~-H)2(W) 3(PR3)2] 
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DC\ /P(cych13 
Pt\ 

c !I’ a c 
(OC)~~s~o/$os(CD13 

(CO)3 

a 2.863(l) i d 2.277(l) i 

b 2.791(l) i e 2.789(l) i 

c 2.832(l) ; f 2.741(l) ; 

(112) 

nm 

a 

b 

C 

9 
‘c / S phsp\pt~ _ _ _ _cb\pt~PPh3 

OC' \l/ ‘co 
a a 

OS 
(CO13 

2.914(2) ; 

(113) 

2.848(2) i d 2.773(2) i 

2.717(l) i e 3.043(2) i 

a 2.662(2) imean 

b 3.033(2) i 

(124) 

whichhasabutterflyarrangfzmsntofmkal atomswith2omiumatmsatthe 

hinge ard 2 platkumatoms atthewingtips [560]. 

[Ft5(CD) (c~~)~(PPh3)41 reacts with R%(CD) al to form DW&(cD)e(PPh3) 1 

ax-d [pt2cO2(~)t3(~h3)21 [5453; thelattermyalsobe fomedby 

electrochemical reduction of the former in an aprotic medium 15611, and on a 

support affords a stable hydrogenation catalyst [5451. 

Crystals of D~~~(IA-UD)S(~~M~S)UI, prepared by reaction (981, are 
mmclAnic at 293 K but, on cooling_to 200 K and rewamUgtormntemperature, 

undergoanon-reversiblephase change toortlmrhcmbic. In the orthorhonkic 

form, the FtRh4 axe has an angle of 90° between the lzm PtRh2 planes, whereas 

in the mmoclinic form this is 100°. Inthemxclinic fomthe c@&5 rings 
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toluene 
E’t(C2H4131 + [Rhz(~~)2(~5)21 - ~PWlr~rr-a4(@4e5)sl (98) 

0 OC 

are staggeredwithrespect to theRh-Rh vectors, whereasintheorthorI-xmbic 

fonnthepairrelatedbyamixrorplane areeclipsed,whilstthoselying 

astridethe mirror are staggered [562]. 

1.9PALLADIuMANDpLATINlElMEmL 

Achemist'sviewofthe plati3m.m rm?talshasbeenputfczxwardwfiich 

demonstrates lmwvagueis thestageatwhichinthe amstructionofametallic 

lattice starting from a single atm metallic properties emerge [563]. !Ibe 

bonddisscciationenergyforPt2 in thegasphase.hasbeendeterWnedas 

358k15 kJJ ml-1 usiug Knudsen cell mass speckmetry [5641. 

A fuel cell for the oxidation of ammnia to nitric acid, with the 

generation of electricity rather than heat, has ken developed usjug porous 

platinum electrodes 15651. Platinum hydrosols, prepared by reducing HP [PtClsl 

with scdiumborohydride inbasic solutionandth~bufferingtopH5-6 inthe 

presence of 0.5% polyethyleneglyccl, cablyse dihydmgen evolution fmm water 

with nearly 100% efficiency, inthelight-inducedredoxreactionusingthe 

[~(biW)3]2+~thylviologerredta system 15661. An alternative systsmuses a 

hydrosol prepared frcm H2[PtCl~] aud sodium citrate, togethex with 

mathylviologm and sodium dithionite [5671. The water-gas shift reaction is 

catalysed by platiuised TiO2 under UV illuminatim [568]. 
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