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INTRODUCTION

wWhilat being essentially a continuation of the saries of reviewe of
palladium and platinum coordination chemistry written by Professor Hartley,
there must be a certain change of style and emphasis as a result of the change
of author. In particular, a new gection is devoted to the applications of
palladium and platinum complexes in catalytic reactionz.

The review covers mainly +the papers recorded in Chemical Abstracts
between Volume 95, issue 19 and Volume 97, issue 20, as well as the 1982
ipzues of the major English language inorganic <chemistry Jjournals. Thus,
although most of the papers covered were publighed in 1982, wany from 1981 are
alaso included, together with somé earlier work which has been slow to reach
Chemical Abstracts. It iz encouraging and interesting teo note the increasing
number of reporte emerging from laboratories in the People’s Republic of
China, and it is to be hoped that translations will become available so as +to
make this material moxe accesgible to Western readers.

buring the period covered two reviewa of the inorganic chemistry of the
platinum group wmetals have appeared [1,2] and oxidative addition in the
coordination chemiztry of theze elementz has also been compreheansively

discussed [3].

5.1 PALLADIUM{ VI )

A phase of composition Pd(PdPG) iz formed on treatment of Pdau with
flucrine, the reaction being used in a determination of the standard heat of
formation of BdBU {4]. No papers on platinum(vI}, palladium(V) or platinum{V)

have appeared in the last year.
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5.2 PALLADIUM( IV} AND PLATINUM(IV)
5.2.1 Complexes with Group VII donwr ligands

The structures of the complexes caz[Ptrsj and R‘.bz[PtFGJ have keen
determined by X-ray crystallography [5]. Ligand field absorption and emisaion
banda due to the tzg - eg transitions for [PtE'GJz— and analogues have besen
reviewed [6].

The [Pwlajz- anion has been shown to be a regular octahedron in the
¥-ray cryestallographic determination of the structure of [Ph QAs] 2[?1:016] [7].

The temperature dependence Of the "Cl NDR spectrum of [Me N1, [PtCl_]
shows the phasg trangitione previously discerned by DTA [B]. Proton '1'18 show
asimilar effects, with four phases clearly diacriminated. The phase changes are
related te the freazing of the rotational or recrientational freedom of
twe 11" (9.

The IR and Raman spectra of [D'l'lﬂﬂalz[PtC.'Ls] and [mzms]z[PtCLGI are
deacribable as the 8um of two fragments [10]. The frequencise, widthe and
integral intensitiez of the IR bands of Kz[PtC]'s-nBrn] in an inert
polyethylene matrix have been determined {11], and [Pdclsjz- and [pdnrsjz' are
included in a theoretical atudy of vibrational modes [12]. The frequencies and
normal vibration shapes have Dbeen calculated for cis— and trans-isomers of
[Ptclz(m)le_, [ptc14(cn)2]2_ and [ptc13(oa)3]2_ and deuterated analogues
[13]. The X-ray crystallographic structure and vibrational spectra of
cf.s,cts,arana—[Pt(Nﬂa )2(01:1)2(:12] have been determined [14].

The two photon excitation spectra of a d-d transition in a transition
metal complex has been wmeasured for the first time on a single crystal of
Kz[PtCIGJJ the data suggest alternative assigrmenta for the one photon results

2

Br_]° aB determined by the MO-LCAD

{15]. The elactronic structure of [PtClG_n n

method is in agreement with experimental absorption spectral data [1lé]. The

EPR spectrum of 'RB“ in single crystals of [bIH&]z[PtC16] at frequancies near
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10 GHz was reported [17].

The complexes [Ptcls_nBrnjz_ {(n = 1-5) may be separated by ion exchange
chromatography on diethylaminoethyl cellulose, but separation of sterecisomers
for n = 2,3 or 4 was not pogsible, The trans-effect of bromine allows the
synthesis of pure cis— and trans—isomers with better atereoselectivity than
for Re, Oa or Ir analogues [18]. The heterogeneous reaction of {ptclsjz' with
I.n203.2320 has been Btudied {19], Various aspecte of the solution chemistry of
palladium({ IV) and platinum{IV) chloro complexes have been reviewed [20-22],

The temperature dependence of the heat capacity and the halogen QR
apectrum in KZEPtBrS} have been measured. An anomaly in the heat capacity is
noted at +the transition point at 169 K [23]. The bromine NQR of the cubic
phase provides indirect evidence for the formation of dynamic clusters of the
low symmetyy phase, before the rotative type phase transitions to tetragonal
structures [24]. The species Csz[mts] (M = PAd or Pt) are prepared by heating
acjdic golutione of [I!:lsjz— with an excesg of Csl. Both crystallife in the

cubic Kz[PtC].s] gtructure and full X-ray data are available for Csz[P’tIGJ

[2s5].
5.2.2 Complexeées Lith Group VI doncr Ligands

The structures of the complexes [Nﬂq]z[R(OH)G] and KZ[Pt(DR)GJ are
similar but [NH QJ+ is hydrogen bonded +to three oxygen nearest neighbours
whilet potassium is nine-coordinated by oxygen [26]. K[Pd(on)s] {M = Ca, Sr or
Ba} may be prepared from Naz[Pd(OH)GJ and lﬁ!z. They were characteriesed by IR
ppectrogcopy and thermal decomposition to HPdoa [27].

The complex cts,trdns—[?t(NH3 )2(011)2((:52{(]30}2)] may be prepared either
from K2 [Pt 4] and the discdium malt of malonic acid, or by analogous
treatment of cts—[(NH,) Pt(NO,),]. Tn both this and the 1,2~diaminoethane
analogue the platinmum has octahedral coordination and the three—dimensional

gstructure is mAintained by hydrogen bonding [28,29].
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Tne 195?1: chemical ophift anigsotraopy in the solid cooplexes

195]?1: rélaxation

[(MBPt{acac})zl ard [(“’3“)21[304] has been measured;
parameters are strongly field dependent [30]. 195!’1: NMR gpectryomcopy was also
uwged +to determine the barrier to ring invergion {51 XxJ ml_l) in
[Hﬁqlztﬂ(ss)al [31].

Platinum({ IV) may be reduced by phosphorus{l) according tc reactions

{1-5}), the initial product being a platinum{III) species {32].

HP(OHYO + [ptcls(oa)}z_——)[B-'P(O-)-O-Ptﬂsf- (1)
- 3- m— - - 3—
[AP(O )-0-PtC15]" — HB(O }=0 + [PtC1 (OH)) {2)
alow
2=
.o {ptcz.s(ou)] + ae
HP{O =G ? HP(O )=0 + {PtCl (OH)) (3)
+ HO
HP(C Y=o ——3 HPO_B (%)
3- 4 2~
[PEC(OH)]™ — [PLCL(OH)] + [BtCl (OH}1™ (%)

5.2.3 Complares pith mixrad Group VI/Group V donor Ligands

The s80lid atate reaction between Hz[Ptcl“i (M = K or N'EIQ) and glycine is
different from the solution reaction. The products jdentified were
(MH+L-}2(HL}2012]C12, (1) (8L is the glycine zwitterion and #L is the
neutral molecule) and {Pt(ﬁ*:.“){tﬁ.)z(z.' )ericL,, (2) (L is the glycine anion)
of unspecified stereochamistry. On heating, (1) loses BCl1l to give (2) by ring
closure [33].

A number of platinum{IV) complexes of iminodiacetic acid (Hzn) have been
reported., Reaction of HZI‘ with KsztC].G} gives x[ptncla} in which L is
tridentate and the coordinated carboxyl groups are (rans in an octahedral

complex. X,[PtCl (OH),) yields (3) and [PE(NH,)Cl

302 2(03)2] gives (4). In a

gimilar manner [Pt(NE_)_C1

J),C2,(¥0,),] is converted to (5). The structures of
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(3), (#) and (5) wers assigned on the basis of their IR spectra and

potentiometric titrationa [34].

Cl

oM _CH,C00 " Cl._ | _-NHs
X | ~NHZ—CH,COOH H3N/~Pt-~NH—CH2coo
x/Pit\NH#CH CO0~ NH  CH,COOH

"~
OH CH,COOH /N }
HOQCCH, CH,CO0
(3 X =C1) {5)
(& X = NH,)

Whilst the edta.a’é complexes of platinum(II) are well known those of
platinum(IV) had been less thoroughly studied. Oxidation of {PtII(edtaHZ)]
with molecular chlorine gives a pale yellow precipitate of [Pt( edtaﬂz wxcl 2].
This initially formed imomer, (&), is converted on standing to (7) and on
heating 3in water to (8). [Pt{edtaHQ)Clzj izs oxidized by Hzoz to (9) which

undergoas two successive ring closures to give (®) {35].

Cl 0
CH,COOH -~ CH2CO0H
0, |H“‘“ )’/ ’ N )
—
\““cr” CH,CO0H \“‘“i{"’/ “SCH2CO0H
(6) {7

‘ H20, A

i
CE\O\ _~CH2CO0H
- \N>

o SCH,CO0H

(8)
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N (CH,COOH);
Pt

et 1 N{GH,CO0H),
OH

(9)

N,N'-Ethylanediaminediacetic acid forms both bi— and tridentate
cooplexses with platinum(IV). Bi- and tridentate binding could be distinguished
by IR spectrogcopy and potentiometric titration, but coordimation geometry ie
not specified [36,37]

Octahedral complexes, [PtI.2C12], have been prepared with HL =
N-a—methylphenacylidene anthranilic acid and N—-g—methylphenacylidene—2-
aminophenol; coordination of L is through the aromethine nitrogen and
deprotonated phenol [38].

Oxidation of [Pt( 1.'82 )C12] or [PE{IH)C1l) ({(LH = glycylmethionine or
alanylmethionine) gave [Pt‘mzwlqj and [Pt(t-ﬂ)cla]. In the latter complex LH
acks as a tridentate ligand, bonding through amino and peptide nitrogens and

sulphur [39].
5.2.4 Complerss with Group ¥ donor ligands

The structure of [(NH,) Pt(u-NE,) Pt(NH ) ICl. has Dbeen determined in
the 8clid ptate amd by 15N MMR mpectroscopy in 2olution, Deprotonation gives

5+
auccessively [(ma }§Pt(j.l—!IH2 )(p—NH)P'l:(HHB )4] ,

[(Hﬂa)‘Pt(;l-ﬂﬂ)th(llﬂa}*]H and finally, (10). With KNHZ this dicationic

NB
PN 24
[(NE ), (0, ) Be | PHNE, ) (N, ),)

{10)
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complex yields Kz[(Nﬂa)(Nﬂz)aPt(p—NE)ZPt(NElz)3(!&[3)] [40]. Heating the
complexes trans-[Pt( N‘Ha )21.2'::12] {L = primary or secondary amine) gives

[PtL', Cl

2 2] {lI." = L or N'Hs}, the ligand loat depending on the strength of the

platinum nitrogen bond [41]. Thermolysis of [imidﬂ]z[Ptxsj gives [Pt( mid)2x4]
(X = €l or Br) and an analogous reaction is observed for BzimidH (X = Cl or
Br), 6é-nitrobenzimjidazole (X = cl), 1,2-dimethylbenzimidazole or
5,6—dimethylbenzimidazcle (X = Br). However, the €é-nitrobenzimidazole salt (X
= Br) and the dimethyl compounds (X = Cl) yield [PtI.zxz] [a2].

cla— [l-!ezl'-‘t( PELC 2 } 2 1 eacts with nitrogen oxide to yvield
[Hethtﬂoz )2(9131:3 )2} and Nzo. The product wasa characterised Dby X-ray
diffraction showing trans—phosphines, cis-methyls and c'Ls—N‘Oz groups [43]. The

system [Ptclsjzvar‘/mz‘ wae studied by 1'c"sE"I: NMR gpectroscopy. A total of S6

species are possible and all but 9 were cbserved, 5(19591:) for the unknowns

may be predicted and 1JP is strongly dependent on the trans-ligand [44].

t-N

Platinum{IV) complexes of adenine (11} and guanine (12) have been
synthesised, [Pt(adenine )3c13]c1.51120 and [Pt{ guanine )3C13]C1 have the
nucleoside bonded through N{7) and the chlorines are mer. Neither the r~‘l’ﬂ2 nor
the OH group is involved in bonding. In [Ptz( adenine—ﬂ)(ﬂzo)zcl_’].ﬂzo.
deprotonated adenine bridges two platinum{IV} centres, bonding through N{3)}

+
and Nf{9), whilast in [Ft(guanineH )Cls].ﬂzo guanine is protonated at N(1) and

bonded through N{7) [45].

R
7
1 8 % 1 2
N > (]_I:R-'HHZ, R® = H)
g

2/§ (12; K" = oH, R® = NH_)
RSN~z Ng 2

3 H

[Pt(en)zIzjz[ngz:[G] has beein shown to have trans—iodides in an
octahedral cation [46]. Factor analysie may be used to resolve the overlapping

XPES data obtained in the X-ray induced transformation of [Pt(en)z(oﬂ}zJC].z to
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[Pt(en)20121 [47].

Complexes of the type [L][ptc13x2] (L is a monoprotonated diamine such
ag nicotine, 3-aminomethylpyridine or 3-aminogquinuclidene; X = Cl or OH) were
formed Dby oxidation of [L][Ptcla], and tested for their effect againgt murine
leukemic cells, L1210 [48]. Complexes of (13a) and {13b) were characterised by

NME gpectroscopy and TGA [49]). The tetradentate ligand, ethylene dibiguanide

H

[L (13a; R = H)
(13b; R = Mg)

)

R

(HQB), forms a complex of formula [Pt(ﬂés)cn.z]cl&. presumably  with
trans—halides [50]. The synthesis of [Pt(TBP}le ia reported, but unlike the
platinum{II} analogue it does not show strong phosphorescence [51].

Oxidation of [RQN] [PdIaxa] by halogene gives [R4N][Pdld(5]: ligands, L,
included py. HB3N, Prap, E:tzPh.P, Etsl\s, Hezs and llezse. Similarly,
trans—[Pszle gives trm—[Pszx‘l]. Pew palladium({IV) complexes of neutral
unidentate ligands have previously baen reported and they are generally lens
gtable than platinum(IV) analogues as a congsequence of the greater ilonisation
potential [52]. (14) was prepared by successive treatment of ct-s-[PtHeznzl (L
- Mmzph) with xylylene dibromide and dppe and was characterised by X—tay
diffraction [53].

KdePZ and szz are prepared from the slemants and are isotypic with

X PdAs, [54].
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OMe
H .
R,5n | SrR;
\F?t:/ >OM@
RBSH/ l SAR,
PE1;

(14) (15)
5.2.5 Complezes with Group [V donor ligands

{Pt(m)sjz'_ may be prepared in high yield by ultra-viclet irradiaticn of
solutions containing cyanide ion and [ptxsjz' (X = €1, Br, I, SCN or OH) [55].
Oxidation of trans-[Pt{CN )2( Rzﬂﬂ)z] with clz ar Br 2 gives
trans,tran,s,trans-—[?t(m)z(nzﬂﬂ)zxz]. Hydrogen peroxide gives an analogous
reaction yielding trans,trans,trans—[Pt(m)zfl!zNH)z(OB)Z]. The platinum{IV)
halide complexes are reduced to platinuen(II) apecies on irradiation but the
hydroxide reacts with water to yield {n(m)z(azc:)z(nzm}2]2+ [56]. A range of
platinunm{ II) complexes has been oxidised by ICN toe give species such as
[PE(NE,),(CN},I] and {Pt(MeNH, ) (CN)IXCL, [57].

The oxidation of [pt{co)c13j' to [Pt(CD)Clsj_ has previously baen
raported. If the oxidation is carried out in SOC12, [(Hezm)zﬂﬂz]tpt(mjclsj
may Dbe ipolated; the carbonyl stretching frequency, 2191 cm-l, ia the highest
so far recorded {58). Rddition of RBSnH in methancl +to [pt(cogjcsztz)cpzta)]

gives a platinum(IV) complex, the structure, {15}, of which was determined

crystallographically [59].
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5.3 PALLADIUM AND PLATINUM COMPLEXES WITH MIXED (IV/II) OXIDATION STATES
Reviaws of mixed wvalence chemistry and one—dimensionally ordered

metallic complexes have been published [60-62]. The products of oxidation of

[Pt(N!ls}*][Ptcl*] (Magnue Gresn} with molecular oxygen in 52504 have long been

controvergsial. Treatmant of the pProducks with KBr giveos
[E'l:(ltils)“][I't:(lsll!.,a )451:2][550*]4, an analogue of Reihlen's Green., Both this [63]

and [l.'-‘t-.(l*l!!a}4]l:!":(!l’ﬂz)“ICSJI.z][!I:SC"‘:I‘|r [64-66] were characterised in dJetail. The
PL{IV)-Br distance is short compared with anionic linear chain compourkis and
the ammine groups attatched to successive platinums are eclipsed. Resonance
Raman spectra have heen important in studies of these and wany analogoua
species [65]; the spectra are characterised by long progressions in Yoe the

totally aymmetrical axial stretching mode, The electronic, Raman and Resonance

Raman spectra of Ez[Ptma][PtIxs] {M=Kor NH ; T = NH

" Sorpy;x-cl,ﬂtor

I) are reported and it is concluded that metal ion valences are slightly more
delocalised in anionlic chain complewes than in cationic ones [67]. The
atructure of Kz[Pt(py)Bral[Pt(py)Brs].znzo has been determined {68].

Reponance Raman spactra have alsc played an important part in the setudy
of [Pt(diamim)z][!'t(di.anine )28::213'::2 {diamine = EZN(CHZ )nmiz, where n = 2,3,4
or 5). Analogous corplexes are formed by 1,2-diamincoyclohexane and
1,2-diaminocyclopentane; the conformational isomers have different
intervalence band maxima, and tha Pt(II)-P&(1IV) distance is affected by ateric
factoras agsociated with the amine liganda [69]. A new type of one-dimensional
compowd of formula [Pt(en)(py)z][P'l:(en)(py)ClB]cla.s.SHZO iz saynthesised on
treatment of mer—[?t(on}(py)c13]c1 with an excess of pyridine [70]. Purther
extengion of the range of such compounds is& provided by the thicamide
complexes [Ptzl. &CISJ {L = +tu, thiocaprolactam, pyrimidine-2-thione or
2=~imidazoline thione) [?L,72]. Y-ray ajiffraction studies of
[Pag lm)z][E'tl(tm)z(.‘.].z][\'.:'Il.f:.l“]“r also show one—dimenaional crdaring  with

non-symmetric chlorine bridges [73].
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XPES has established the presence of PL{IV} in KZ[IH:(C!I)‘( Br )0_31.3520
at 153 K; a ground state model with 0.85 PE{II) + 0,15 Pt(IV) is proposed with
P£(II1} being important in the excited state [74]. Crystals of Kz[Pt(GNI)EJ
doped with [pt(cn)qu' show an absorption band at 337 nm assigned to the mixed
valence transition from Pt(IT) to PE(IV} {75]. In a similar system, the room
temperature polarized reflectance gspectrum of the potassium deficient chain,
[Pt{al)“].l.SHzo wag gtudied [76].

Kl.'?S

The planar anione in Li [Pt{mmt )2] hawve been shown to stack face to

0.7%
face aleng the c-axis with direct eclipsing [77]. The electrical conduction
properties of the complex have been studied in detail and the conduction
pathway cannot be formed 2olely by the overlap of the 5dz2 orbitals of
platinum [78]. By contrast, the oxalate ligands in Nio.85£Pt(C2°4)2]'6320'

Mg, o [Pt(C,0.) 1.5.380 and Co

2P0 2 » 0.33[Pt(020’)2].l5ﬂ0 are ataggered by about

2
55¢ [79].

More reports on platinmum blues have appeaved. Cts—{Pt(NE3 )2C].2] in
phosphate buffer is oxidised to a "phosphate blue" which is similar to the
amide blues. Two structures, {16) and (17), were proposed for +the blue
paramagnetic solid, Hn[Pt{HHS)Z(PDQ)].O.SH?_O {(rn <« 1), and from concentrated
solutiona a white solid, H[Pt(NH3 )2(904}}, was also obtained [80].

Cls—diapmine platinum o-pyrrolidone tan is a structural analogue of the
platinum Dblues; the average oxidation state of platinum is 2.25 compared with
“0)4]4-!-’ and the Pt-Pt

2.0 in the related green complex [Pt‘(uﬁ y(C H

3'g" 478
diatance in these complexes is largely dependent on the oxidation state [81].
Detailed astudy of the preparation of platinum thymine blue reveals that more
than one blue compound ie formed and that white compounde account for 10-30%
of the total producte. One of the white compounds is cls—[Pt( Nﬂs)z( thymine
monoanion ) 2] where one thymine moncanion iz coordinated through N{1) and the
other through N{3) [82]. Reaction of L—glutamine with Kz[PtCll‘] gives a blue

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

is glutamine monoanion). The blue complex is paramagnetic and the green/white
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HN O HaN NH
PN 0 N~
HaN-" 1 S0, P 071 ™0
N o< 1 0
Hs ~py 7 L 5 HSN\P:t/NHs P,
—
R '
P H3N\\ . _—~NHs
Q \ t
o~ ;\o\
(16) : Py
Neo i N
BN~ Hs/P\O

(17)

one is diamagnetic. In both, IR apectroscopy indicates that the carboxylate
anion is metal cocordinated ([82]. Platinum bluss have also been prepared

containing uracil {(18) amd l-wethyluracil, (19) [24,85]

HN (18) R = H
Oé]‘\N (19) R = Mo
|
R

Reaction of Hzfptcle,‘; with [Pa( HB3 }|‘]'t:12 gives the comp lex
[Et( “3 )’Clzj[rdcl.'] {e6}. Thermolysis of [!'d(lbl‘.l!3 )4][PtCI5] yields
trans, strans—[PA( lma )2(:12] []?1:(1#&3 )2614] and further heating gives

trans—[PA(NH_)_Cl

373 2] and trcms—[?t(l\l‘ﬂgjzl:].é] [B87].
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5.4 PALLADIUM( III) AND PLATINUM( III)

A range of [Pt2]6+ unitse have now bean fully characterised by X-ray

crystalleography, and the results are summarised below.

Complex r(Pt-Pt)/(A) Ref.
Na, [Pt (HPO,) (B, 0),] 2,486 (o]
K, [Pt (50,) (dneo), ] 2,481 [e9]
K [Pt (POH, ) Cl,] 2.69 [90)
[X(NH,),Pt(C H, NO) Pt(NH, ) X1{NO, 1, 2.603 (X = NO,) [911]

2,575 (X = FO,) {91]

Electronic consideraticns suggest that Pt{III)-Pt{III) should be shorter
than Pt(II}-Pt(II), and <omplexes with four bridging ligands have ashorter
metal metal bonds than those with only two, Some additional studies are
reported inveolving the dioxygen complexes, KzlPt(oz)z{soq)zcnzo)zl and
K[Pt_(O_ ) (504)(OH)(H20)3] {92]. EPR studies of the blue complex formed by

2" 272
succegsive treatment of Kz[Ptclq] with l1-méthylnicotinamide and guanosine
suggests that its gtructure involves one PE{LII}) and three or four PE{II)
centras [93].

Photolysis of Hz[Ptclﬁ] in the charge transfer or ligand field band
region gives a Pt{III) complex as the primary product., The fate of this
trangient depends on the asolvent, with reversion to ptarting material or
further zreduction to Pt(II) being the wmajor pathways. For example,
{Pt(HEOH)Cls}Z' gives [PtC1432_ and 'Cﬂzcﬂ, the further reactions of which
were studied [94,95].

Reaction of [Pt(NHa}4]2+ with hydroxyl vradical, generated by pulse
irradiation with high anergy electrons, gives the PHE{III) complex,
[Pt(NH3)4(Hzo}(OH)]2+, the fate of which depends on the pB of the solution.

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

last year for [Pt(en)z(oﬂ)]z+ [(96]. Photolysis of [M{mmt)zlz_ (M = Ni, pd, Pt,
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Co or Cu)} givez a metal{III) complex [97].

5.5 PALLADIUM( II) AND PLATINUM( II)

5.5.1 Complexres with Group VII donor Ligands

Sclutiones of palladium(iI) in a eutectic mixture of sodium and cassium
chlorideg have beon studied (98]. The best resolution in the electronic
spectrum is cobtained at low temperature [99,100]. Fhase diagrams have been
constructed for the systems Se0Cl/PACL, {101] and AgCl/PACL, [102]. CaPdP, is
diamagnetic with a tetragonal structure whilst CM‘ has a cubic Ca.l'z
structure and is antiferrcmagnetic. The high pressure form of Wz is isotypic
with HgPdP, [103]. [PAALX ] (X = Cl, Br or I) is synthesised from PAX, and
J\lzxs {104]) and the structure of the chloride (20) has besen determined [105].

Cl\u/CI\ﬁ/CI\M/Cl
-~
cr”  Ter ~er” a1
{20)

Theoretical studies involving [P4C1 412' have been published. The
vibronic theory of static mutual influence of ligands was raviewed [106] and

the mutual ligand effect in [pt-.c131.]"“ (L= ¢l, NH,, €2, HO or CN) was

2
treated by perturbaticn theory amd the CNDC method [107]. Oscillator strengthse

3'

of the symmetry forbidden transitions of (PACL, 1%  were calculated by & mathod
based on evaluation of the molecular crbitals of the distorted ion [108]. The
relaxation enargy, ER, during ionisation of the valence ae)ectrons of {PdL 4]
wags also calculated, and uged to interpret X-ray emisaion spectra [109].

The kinetics of [PtCl ]’ aquation have shown the reaction to be mainly
a dissociative process, and solvent and nucleophile effects were studied
{110}. ™he reaction of PdClz with trimethylanine yielde

[Me NE} [PAC1, ][Me NH]C1 (111]. The reduction of [P4AC1,1%" 1y carbon monoxide
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18 accelerated by the presence of Cu{I), the critical species being the

bridged complax (21} [liz2].

o
I
U
cl Sm\cl/CUCI

(21)

The electronic apectrum of K2[Pt<314] in powder farm has been
investigated [113],
T™e effect of palladium complexes [Pd{dmf)ztﬂz] and Kz[PdJC‘] on the

catalytic deposition of copper on plastic surfaces has been studied [114].
5.5.2 Compleres with Group VI donor ligands

5.5,2.1 Unidentate oxygen donor Ligands
The electronic astructures of PA0, PtO, PAS and PtS have been calculated

[115]. PRI0 digsolves in the 1’:;()2 lattice, and X-ray phaee analysis, DTA, EPR

and cornductivity studies all indicate a palladium—titanium interaction [116]).

Further studies of the reaction of Ia2(0204)3 with [Pd(dmg)zj in

diexygen have lead to the isolation of La deCl 4’ ag well az the known I..a4Pd07
and Lazpdos {117]. Pdeo‘} has a structure isotypical with Cu3204 {118). A new
high-yielding synthesis of a wide range of platinum bronzes, HrPt 304, {M = Li,
Na, Mg, Ca, 2n, ©d4, Co or Ni} from Pt:o2 and metal nitrates or fluorides is
reported, and XPES ¢onfirms that platinum is in oxidation sgstate +2 [119].
KPAO 8’
chloride melt at 800 *C {120]. The aclid soluticn pdzcd'reos/saznq'neos has been

of cubic structure, is obtained from P«:lcl2 and Kapo“ in a potagsium

studied [121].
Hydroxe complexee of +the plationum metals have been reviewsd with
particular reference to the factors affecting bridging and polymerisation

[122]. A method of prepazation of a stock solution of [pt(Hzo}4]2+ is reported
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[1231; 12%pt MMR spectroscopy of the -°G labelled ion shows that all four

water molecules exchange slowly [124]. Reaction of palladium matal with 12M
nitric acid gives sclid [l?d(lm3 )2(H20)2] which *"ages" in air by stepwise
hydrolysis and loss of nitric acid [125].

[Pt(ms)z{ma)(majzj is prepared from [(nbd)Pt(OOCCPa)zl and
is used for selective oxidation of 1l-alkenes to methyl ketones {126]. An
analogous family of complexes, [(RSP )214( Rx)OOR' ]. where the matal iz palladium
or platinum, R' is H or C)lea and R'x is an activated alkyl such as C?BCHZ, are
prepared by reaction of [(Rgp)zu(nx)l)ﬂ] with R'OOH., They act as oxygen
transfer agents to Phar, benzaldehyde, oarbon monoxide and nitrogen oxide

[127]). Zerovalant complexes such as [Pt(PPha }Q] react with thcoac:ue to give

3
[Pt:(PPh3 )z{OCOPhjz]r [I’t(i’!“l‘l3 )2(0Clh3 WOCOPh)] is the intermediate proposed
but definitive evidence for its presence ias lacking [128].

Extraction of palladium{II) from nitrate solutions is ucecupliaheti by
tributyl phosphate, the complexes extractad being [Pdmo3 )2(052 )2(09[08u}3 )2]
in tetrachlorometahane, ad [Pd(ma )Z(OP{OBu}g)zj in decane [129,130].
Platinum and iridium are separated by extraction from 0,5-1 M hydrochloric
acid by 2-nonylpyridine-N-oxide [131]. Other complexes of platinum{II) with
arcmatic N—oxidea are reported [13Z].

Raaction of (crs)zn-o' with [Pt(PPh,),] yields [{Ph,B) PL{ON{CF, },),]
and analogous species are obtained from cta-[PthClz] and Eg(ON[C?B}z )2 [133].

Molecular bromine acts as reductant towards CBZ[Pd( SOBF)G], vielding
csz[Pd( sosr)“] and BtSOaF. In contrast to other reported palladium{II)
fluorogulphate derivatives, which are six coordinate with 803F behaving &as a
waak field ligand, this product has square planar gecmetry and is diamagnetic.

Treatment with ﬂsoaP gives Pd(soari')2 {134].

5.5.2.2 Bidentate and multidentate oxjygen donor ligands
Further studies of the reactions of bis(pg-diketonato} complexes with

nuclecphiles are reported. With methancl and Pd(hfmc)z the bridged complex
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(22) is formed, its structure being determined by X-ray diffraction [135].
The same complex gives [Pdl..“.]|:1'L'Ea|:!at:=]2 with a range of Lewis bases, L, and

the satructure of [Pd{4—chlorocpyridine )“][l'rl:‘aca.c]2 was determined. The PdN4

'“{19 CFs
?,f[\ -
kO/Pd //Pd\OD

CF3 MG‘ CF:;

(22)

core is square planar with oxygen atoms from hfacac in the awial sites [136].
Anilines react to give [Pd(hfacac)(hfacac—ca L], [Pd(hfacac }Lz][ht‘aca.c] and/or
[Pdl.i][hfa.ca.cjlz depending on the molar ratio. The ease of displacement of
p—diketonates to the outer sphere depends on their basicity, with the leas
basic ones being displaced moet easily. Complexes such as (23) were alsc
prepared 1in syn— and onti-forms [137]. Treatmant of [(Pd{acac }2] with one

equivalent of Etzm gives (24) as confirmed by an X-ray diffraction study

\
/ . ) <FCKF’d

H
NG
.
i AN
N 5 = e
. H
H

R\
P
- —

R/

{23} {24}

[138]. Comparable species are reported with 3— and 4-picoline [l39].
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Bie{1~( 2-thienyl )—4, 4, +—trifluorcbutane—-1, 3~dionate }palladium({ II)
{ [PA({ thttfac )2]) aleo reacts with nitregen basee to give complexes of the type
[PA( thttfac X bipy))(thttfac] and [PA(4-ethylpyridine) J[thetfac], [140].

Reactions of A-diketonato complexes with phosphines provide a similar
wealth of products with dJdiffering ccordination modes, and a particularly
thorough study is reported this year (Schama 1). In contrast to the analogous
reactiona with amines, (27) is sufficiently stable to be characterised. Tha
effect of metal, phosphine, and pg-diketonate arxe dJdiscuased. Pormation of
(30)is favoured for palladium whereas (27) and (28) are more cowmmonly found in
the platinm series. Less basic g-diketones such as {tfacac] and [hfacac]
stabilise O—unidentate complexes whilst carbon bonding is favoured for
[a.cac]_. The steric bulk of the phosphine is crxucial; P{2—-tolyl) 2 with a cone
angle of 194°, gives only {27), Pl?h3 {cone angle 145°) gives (27), (29} and
(30) and Pl!ezvh and dppe (cone angles 122° amd 125°) give the fully
substituted (31) [141]. Examples of the clage of adducts {27) formed f£from
ENi(]'rlEa.ca.t::)2 and Pl\ra ghiow fluxicnal behaviour in their NMR spectra; all the
C?B groupe becomes equivalent at a rate which deperdds on the phosphine bulk.
The scolid state ptructure is a distorted square pyramid with one of the
p~diketonate groups "semi-chelating™ [142].

Unsymmetrical fg—diketonates present wore complex poasibilities.,
[Pd(tfacac}zl was previously reported to have trans-stereochemistry but is
actually a  3:1 trans:cis wixture. Reaction with P( z—tolyl)a gives
[Pd{tfacac){tfaca.c-o)(sz-tolyl}g)] ag @& 5:1 wmixture of (33) and (34) [143].
The presance of cis— and frans—isowers in the f—diketonatc complexes formed on
reaction of Kz[PtFGJ with HL (HL = tfacacH, ((:H3 )BOCJDCEZCDCE'a, phc:ocazcocaa or
thcﬂzccx:l'aj was confirmed [144]). The 195E't NMR Bpectrum of [Pt(a.cac)zj in
the presence of [Pr( fod)g] was raported [145].

Both palladium and platinum complexes of Alizarin red S, (35), have bean
isolated. They are efficient catalyste for hydrogenation of alkenes, alkynee

and nitroarenes [146], and for reductive amination of aldehydes [147].
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\M/ — \M/
U/ PR, 0’ PRy
(28) 27

l!‘[ PR3

O PR O PR
Py = (X

0 ?o 9 PR3
{30) (29)

\l PR3
4 — N &Yy,

r—zsp/ r\ Rs P/ PR

(32) (31)

Schete 1 Reaction of bis(g—diketonato) complexes with phosphines [141]
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d PR —d Fs
CF; CFy J
(33) (34)
0
™
R OH OH R
(35)
cr HO
PhaP
3 \\F%}JH’N\REFZ
Phyp” Dyt

(36)

(37)
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Oxidation of [l?t(!’!’h3 ) 4] with a bis{nitroso) compound vyields +the
Platinum(Il) complex, (36), which shows fluxional behaviour in its NMR
epectrum [148). The chelate complex {37) is synthesised in analogous manner
and way be reversibly oxidised tc the atable mono- and diphenoxy radicals

[149].

O
) (CHz)ncozN);j
(Ph3P)2Pt§:[©/ d'

(38)

O

|
CHoCH2NH2HBr
{39)

N

(Phﬁ)ﬁt@j@ 7
(CH)R CONHCH,CH,

(40)
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Platinum catechol complexes (38) react with amino subgtituted atercids
to give apacies such as (40); these are chemically rather stable and may be
useful for cancer chemotherapeutic studies {150]. Palladium(II) gives a highly
coloured 1l:il complex of unspecified structure with 5,5'-methylene disalicylic
acid, which may be used to determine palladium(II) in concentrations as low as
2-9 ppm [151].

Dicxygen complexes of the platinum metals have been rTeviewed [152].
[(Pn,P) Pt(0,)] reacts with bengil and benzoic anhydride by oxygen insertion
to giwve, xreppectively, benzoic anhydride amnd Jdibenzoyl peroxide [153].
Trifluoroethanoic anhydride reacts with palladium wmetal at low temperature to

give an anhydride complex (41) which, on warming, ylelds Pd(ocn(:l?a)z f15+].

CFq CFs3
(% M %J
CF3 Fa
(41)
M PP O_ (M = Li or Na), synthesised from PACl, or P4 with MH PO at

2 2 &
650 °C, contain the ion [on?]‘-, ut diffraction etudies failed to confirm

any similarity to Kz'upzo'?' xzcdpzo,? or szzo,? [155].

{PE(PR,) (OH,)C1][BF,] and [(PL(PR,),(0,8CF,)C1] are prepared by

abgtraction o©f  chloride ion from [{ R3P } 2?1:61 2] with HBF s °F CP 330 3H

rappectively. The tetraflucraborate reacts with the hydrogencarbonate ion to
giva (42) [156].

/0‘\

( RSP )th\o/C-O

(42)
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5.5.2.3 ambidentate crjygen-sulphur donor ligands

In [Pt(dmso)4]2+, two  sulphur and two oxygen atoms are normally metal
bourd, but the ratio bhetween O— and $S-bonding ie solvent dependent, Additicon
of 1,2-diaminocyc¢lohexane (dac) gives cis-—[Pt{dnc)(dmso)2]2+ in which both
dmso mclecules are S-bonded. It iz more water soluble and less toxic than
[(lmg)thc.lzj and has similar therapeutic activity {157]. Treating
{{Pt(Co)Cl 2 ) 2 ] with dmso or diethylsulphoxide gives
cles—TPE{COXN sulphoxide)Clzl [l58]). The cis-affect of the sulphoxide ligand on
the rate of substitution of halide in [Pt{en)L¥] (X = Cl or Br) was found to

be in the order L = dmso » Hezs ¥ E.‘tZSD > Etzs » Pr_SO » Przs [159].

4
f{(cis~{rac-sia-1,2-bis{ phenylaulphinyl)}ethene JPtClz] is syntheeised by
treatment of Kz[PtC14] with the ligand [160]; ¥X—ray diffraction confirms that
only sulphur is wetal bound and that there is no interaction of platinum with
the w-bond [161].
'l"r"m'ts—[P'i:(P’P‘h3 )2(025!-1)(:1] has sulphur bonded to platinum and is
desulphonated only at high temperature. Treatment with Ag+ does not lead to

migration of R to platinum but to formation of {(43) [1s62].

SH
[(PhsP), Pt@S ~-R]+ ﬁ\/SOs_
SH

{43) (%)

The kinetics of the reaction of platinum(IX) with unithiol, (44), were

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

5.5.2.4 Bidentate crygen-sulphur donor Ligands
Chelating monothio—pg—diketonato complexes, [MLz}, have been prepared for

a range of liganda including (45), {(46) and (47) [164-16€6], For the complexes
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(45) (46) (47)
of (86} dipola moment maaguremants indicate & cis—gecmetry.

{(CE3C(S}-C'EC(0)C33 ) 2?:!] reacts with phenyl isccyanate to give complexms such

as (48) [167]).

S 0
Pd ) ] N: -—C/?
2 e -
NHPh S

(s8) {49)

Reaction of monothiocarboxylate (49) with derz givae a2 complex the
structure of which is postulated to be (50} [168]). The complexas [Pth(on)zj,
[Pthclzj, [PdLZCI‘] and [Pd!.zl where L ig (51) have been reported. They exist
as cits/trane wmixtures in solution (169]. Calculations have been performed on

the vibration Erequencies of (52) and its trans—isomer {170].

o
Db

{50}
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NH;
NQTS/\‘COZH . ﬁ—%—qM/Oﬁ‘ﬂH
3 3
Ay AN

{51) {52)

5.5.2.5 Ambildentate orygen-nitrogen donor ligands

A range of bis(oxamide oxime) complexen of platinum with varying degrees
of deprotonation are reported, (53) and (5%) are centrosymmetric, whoreas (55)
i3 not, but all crystallise in a stacked atructure, The adduct of {(54) with
7.7,8, B-tatvacyanoquinodimethanide has cations and anions forming aseparate,
regular, parallel stacks with hydrogen bonds between them [171]. The oxalyl
chloride oxime analogue (56) has alao been studied by X-ray diffraction; the
interplatinum distance in the stacks is swaller in this case [172].

Reaction of [Pd(dng}z} with (mco——canez)a] yvields (57) and the analogougs
complexes of 2-hydroxyacetophencone oxime derivatives give (58}). Both products
are extremely moisture sensitive and easily hydrolysed [173]. The spectra of
gsome simple bis{c—dioxime) complexes of nickel, palladium and platinum have
been studied {1741,

Although oximes arg formally ambidentate liganda, <coordination to
palladium or platinum through oxygen ig, in practice, uncommon. An example is
provided by <the palladiumm complex, Psz where HL ia (59MR = H). In this
wpecies ong of the liganda is coordinated through the imine nitrogen and the
oxim: oxygen whilat the other binds through the imine nitrogen and the
nitrogen of the nitroso taytomer, For R = alkyl, binding follows the wmore
conventional form, involving the nitrogen atom? of both oxime and imine [175].

Complexes of palladium{II) with gallacetophenone oxime are reported to

be unusually stable [176]. Platinum{ [I) complemes of mouaz and MeNHOH were
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studied by '8 MMR spectroscopy [177].

H HH
5 5T )
HNw o A NH2 [ HN /P!J NH,
HaN | ‘\“ NHa H2N | \‘l\’ NH;
O\H,"'O O\H,»"O\H
(53) (54)
H H H H
A vy
HoN NH, T [ Cl
je=scaiilibated
HzN TI/\[‘\] NHz Cl T/ | 1
0O O 0 0
“H T
(55) (56)

Imd

(i-PrO)2 Alp—\Pd/ AO-1-Pr)z
N N

M)
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{i- PrO)zAlw
R
\
Pd
\
X
o_~—m 0P,
(5e)
R
-
0 N
Ph)'kn/u\
N
™~0OH
{59)

5.5.2.6 Btdaniate and multideniate sxygen-nitrogen donor ligands

Treatment of [Pt( HZNC[CI-IzOB} 3}2012] with  hydroxyl ion induces
cyclisation to a bias{N-O0 chelated) compourkl. With weaker bases cyclisation is
unsuccessful [178]. An X-ray diffractiocn study of K[N(mzcl:tzN{C.HchO}z)Br]
shows that palladium has square planar coordination with nitrogen trans to
bromine and two ionised carboxyl groups alaso coordinated [179].

A range of Schiff base complexes have also been studied. A 1:2 palladium
complex ig formed from (60), with coordination through the imino nitrogen ang

the deprotonated phenolic OH [180], Analegous palladium chelates of

o/i@;j*\@

(60)
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N-({sulphophenyl )salicylaldimines are active for oligomerisation of
2-methyl-3-butyn-2-ol in the presence of triphnenyl phosphine [161]. The two
tautomers (61) and (62) are not separable, but their complexes with palladium
may be separatad by their diffarential solubility in bhenzene. The complex of
(6l1) aexists as the dimer (63), whilst (64) is in eguilibrium with a
gsir-coordinated form (64ma); this closely parallels the behaviour praviously

noted for the furan analogue [l82].

HC HO

{61) (62)

(63)
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(64)

The palladium coordination chemistry of (65a) rewveals a atreng
preference for 1~1202 over O A coordination, although both diaomers may be

iscolated. wWith (&65b)Y only the Nzoz coordinated isomer ia formed [1643]. The

(\[KI(R Ph A

g

. iy

0
(L N
U R |

O.

{65a; R = Ph)

{ 65b; R=Cﬂe3) (66)

thermal stability and volatility of complexes of tetradentate Schiff bases of
this +type 1is higher than that of bidentate analogues [le4]. The
sterescchemistry of the four coordinate palladium complex of (€66) i unknown
[1e5].

The reaction of Pdc12 with semicarbazide (HL) gives [Psz],- binding is

Probably through NE and the deprotcnated oxygen of the imino tautomer. The

2
absence of a dipole moment suggests trans—stereochemistry [186].

ODther ligands capable of multidentate coordination continue o be
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daveloped. The thicsemicarbazide of 3-hydroxy—2-naphthaldehyde acts as a

tridentate ligand towarde platinum in {(67) [187], whilst five donor sites are

used to  coordinate to two  palladium atome in  (68) (188].
R
{——N
O’Ffd\S/]§ NH J
NH; N “
a0 T o,
{67) (ea)

N, N'—bin{ bonzamido Jacetylacetonediimine acts as a tetradantate ligand, giving
a complex asgigned the structure, (6%) [189]. Tetradentate
bis( salicylidene)l, 2-disninoethane palladium and platinum complexes are formed

on heating the salte [H L)(WCl,] at 175-1e5 °C [190].

ol

Ph

Ph

(69)

A number of bidentate N,0—-donor ligands are provided Dby heterocyclic
amines Dbearing a suitably positioned phenclic OH greup. Both (70) and (71)
bind  as N,0—chelates +to palladium{(II} and platinum(II), but the
stergeochemistry of the complaxes is not reported [12]1,192]. The sodium salt of
f=mathy l-2-hydroxypyridine (wmhpia) reacts with palladium acetate +to give

Naz[Pd(mhp)SOAc] which, 4in wmethanol, is converted to [sz(ui\p)q]. X-ray
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Aiffraction shows that each palladium has trans—sguare planar coordination and
that the sz unit is tetra-bridged by the mhp ligands. The Pd-Pd distance is
short but there is no direct Pa-Pd bond; 1in {P62]4+ both bonding and

antibonding orbitals are completely filled and the complex is diapagnetic

OO @ij;b

(70} (7

[193].

3—{ 3~tolyl)azcacetoacetone is reported to form two comploxes, [PdLZ] and
[PdL3]. These have giffering crystalline form, and in the case of [pdt.aj, a
somewhat dubious oxidation state [194}. The kinetics of substitution at
1—-{ 2-hydroxyphenyl )—-3, S—diphenylformazanate palladium(II} complexes, (7Z), are
reported; pyridine is a better leaving group than ammonia, due to difference

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

(?::;\

S~

Pf“,—‘/l\lhr\l\\Pd/v
N/

PP}

(72; L = py ©or NHB)

platinum analogue [195].

2,5-Diphenyloxazole  generally Dbinds through pitrogen whilst
2, 5=3imethylbenzoxazole {Me 230} is wusually a mwonodentate oxygen Lligand.
However, in [P Hezbo ¥ SCN )2 ]2 Both the nitrogen and the oxygen of the ligand

are palladium bound as it acts as a bridge between the two palladium atoms
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[196].
X-ray diffraction studies show that in bis({z-acetamidopyridine )pallsdium
(73) coordination is through the pyridine nitrogen and oxygen, with the amide

nitrogen deprotonated but not metal bound [197]. Reactkion of [(NE:-I )291:012]

@
N
Pd/ N

o

(73)

with Il1-wethylhydantein gives [Pt 2( NE, ] ‘( 1-wethylinydantoin ) 2] 2[!!03 ] & the
structure of which was detemined cryatallographically. The bridging
hydantoing are bound in a head to tail manner with a Pt-Pt Jdistance
conaiderably longer than in the a-pyridone m;alogue. Treatment with Hzoz gives
a blue—green paramagnetic apecies, a mixed valence platinum biue [198].
Reaction of [Pd{CH) 2] with hydrazine—N,N—diacetic acid (Hat-) gives
zrans—[Pd(BL)z].aHZO in which HL 18 coordinated through the aminc group and
the deprotonated carboxylate. However, treatment with Kz[Hx*] (H =Pd or Pt; X
20 in which only the amino group is
metal .bound. Tha acidity of BzL is increased on coordination [199].

= Cl or Br) vyields trans-[ld(ﬂzl.)zxz].zrl

Treatment of cta-—[(NHa )2Pt(m3 }2] with perchloric acid gives the trimer
{7¢), which meay be compared with the analogue in which the N!EI3 groups are
raplaced by Noz [200]. X-ray diffraction showg distorted saguare planar

coordination about palladium in (75) [201].

5.5.2,7 Bidentate oxrygen-phosphorua donor Lligands
{phpcazcoo]" acts as a bldentate 0,P-donor ligand in {76); the malecules

arg linked into chaine by hydrogen bonds between sthanoic acid and sthancate

ligands [202].
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H N— NH

N AT AN

RN

O\ ? /N‘:-D

Ve
N——Pt—0 N—Pd—PPh;
¢ NOz ;(\ (]:\
(74) (7rs)

Phs Ehz
yd
0 Pt

:\ Br/ \O

O T

(76}

§.5.2.8 Unidentates sulphur donor ligands

Treatment of Ba[Pt(C‘N%].ZH{) with .5 gives BaPt2$3; X—-ray diffraction

2
shows that each platinum is coordinated by four sulphur atoms, with two edges
and one corner of the sulphur tetrahedra shared [202].

Palladium{ IT) is extracted successfully from HCl asoclution by Przs and
dihexyl sulphide [204]. The acid base properties of [Pd(onz )2(SR2 )2] have been
studied [205). The electreonic structures of [PtCJ.z(OBz)L] (L = Hezs, dmeo, tu
or NHB) have been investigated by CNDO methods, again with reference to their
acidities f[2061. ¢is~ and trans-forms of [Pt(NHa}zmlf (L = Hazs, dmec or
C,H,) @y be digtinguished by their polarographic behaviour [207].

The tendency of palladium and platinum to bind to the soft sulphur
centre in potentially ambidentate ligands is further demonstrated by the

coordination chematry of (77). I:l and 2:1 complexes were characterissd, and
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there was no evidence for oxygen binding [208]. A wide range of cooplexes

R/?I\/S\/ﬁ\ﬁ’

17)

[Lzllxz] of phenothiazine, (70}, and analogues such ae {(79) and (90), has been
synthesiged, Aheough the reports are somewhat at wvariance as to the

atereocheniatry of the producta. All the ligands are bound through sulphur {or
QL0 OO0 OO
N N 0
R H

{78; R = K) {79) {80)

(81} R = CH,CH(Me )NEMe C1)

selenivm} and unambiguous structural data are available for
cts—[Pt(?B)zclzj.m and [N(DI)CIBJ, which has a hydrogen bond betwaeen
coordinated chlorine and the aide chain l‘llh2 group {209]. Oxidation of
trans-[{ phenothiazine )2:E*I:c:I.2 1 with molecular iodine gives
trans—-[phenothiazine ]z[Ptclzl: 413 XPES shows that this is best characterised as
platinm{ IV} dJderivative and that the ligand has been oxidised to the
correaponding cation radical [210].

Pinding of [PtC1, ]  and cis-[(N4,),PtCl,] to methionine—65 of tuna
cytochrome € was investigated by J'H NMR spectiroscopy. Only & small local
wmodification occurs on binding, in contrast to carboxymethylation, which
involvea far reaching structural change® [211]. Both palladium and platinum
complexes inhibit the ca’’/mg®t aependent ATPase of rabbit skeletal wmuscle
sarcoplasmic reticulum by interacting with a thiol group on the enzyme. The

affect iz enhanced by tha presence of albuwen [212].
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5.5.2.9 Bidentats and mulildentates sulphur donor Ligands

Reports of complexes of bidentate thicethers have been scmewhat more
sparae than in pravicus yeara. E’«lcl2 reacte with
4,7,13,16—tetracxa-1,l0dithiacyclooctadecans, L, to give [Pdmlz], in which
the ligand coordinates only through the sulphur atoms [213]. Reaction of
[m!q]z[l’t( 55 )3] with triphenylphoasphina gives “Phap)z?ts‘t]' The first X-ray
diffraction study on a complex of this type showed that there was no
alternation in S-S bond lengths, in contrast to Mos A ar WS " ringz [214]. when
PdC12 reacts with S §N4. (82) ie obtained among other products; the Pd-PQ
distance (2.921 i) is rather short [(215].

o

/ N

|

N
N—5 N> S5—S
>F’R Pd< }
—5 \5/ S—N

(8z)

Interest in dithiolate complexes has been maintained. The photochewmistry
of [M(5,C,R,)),1° (M = Ni, PAor Pt, R=CN, 2 = 2- and M = Nl or Pt, R = Fh, 2
= 0) has been studied, Oxidation of the ligands rather than the metal occurs
on irradiation between 30C and 350 nm in chloroform [216]3. The EPR of Co{Il)}
doped in {(1,4-big{dimethylamino}bensene )+32[Pt(mnt)2] shows well resolved
hyperfine structure [217}.

A number of complexes of dithicoxamide derivatives {Lﬂz, {83)) have been
characterised. [n(w)z] (M = Ni, @ or Pt) was obtained from H2+ and I..[*l2 in
alcohel [218, 2192). In acidic seclution [ld(I.H2 }zsz, {B84), was the stable
product [220]). [PA(RCSNHCSNER' )2] hase aleoc been characterised [221].

Big{ 8—quinoline dithiccarboxylates) and bis( 2-methyl-3-indole

dithiocarboxylates) of palladium and platinum have been characterised [222,
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223).
R’ R
7 s st
’ / .
Aoy ARy >M< H

S NS s
R FL

(83) (94)

Interest in dithiocarboxamide complexes Thax aleo continued.
(Pa(S,CNEL, }(PR,)C1] and [Pt(S, CNEE, )(PR,)Cl] are monomeric and square planar.
Solution MMR spectra imply that there is a substantial barrier to C—N rotation
{2247, There is, however, no sign of cils/trans—-isomerism in cowplexea of (9%)
[225]. An extensive study of the reactions of [P(5,0MR,),] with phosphine
oxides and aulphides is reportedt. oxidative addition of P‘th(s}B gives (86)

which lcoses Rzncaza to give the solvent complex, {87). In pure, dry methanol

NHCS, S l iPh
2
RQN-/ Np < Ry — RzN-< pt”
a 5/ \Solvent
Ph2P5
(85) (96) (o)

the sole product is (B3), which was characterised by X-ray diffraction, and in
which the counterion is derived from decomposition of Rzu:szﬂ. Excess thP(S)B
or less pure golventz give more varied producta. Under these conditions
[Pd{ szamtz )2} gives a mixture of (Pa( Szmz b1 SPth )]2 (60%) and
[Btzmznm(szmtz)(mz)z] {20%), whilet yeaction of l’hzl’(sa)li with the
platinum complex gives only (#9), in good yield [226]. Treatment with trialkyl

phoaphines gives a new class of compounds, exemplified by (90), in which X-ray
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diffraction shows one of the sulphur containing ligands to e cemi—chalating.
Addition of further phosphine givee an equilibrium invelving species such as

(91) and (92) [227].

[
SN\ //Pphzw S //PHPhZ
[F?zNH'z] [R2N<Q/Pt\Pth J R2N<S>Pt\pph2
7 )
(88) (89

NMG’Q

/S
S|
5 |

RiP Q P, PR3

\M/ — \M/

7N
S5 PR s° PR

(91} {92)

Complexas of [PhP{OEL)S 2 ]_ with hivalent nickel, palladium and platinunm
aryslallise as trans-products with =square planar S " coordination, but
igamerisze in solution to giwve roughly egual amounls of cis- and truana-isomers.
The isomerisation mechanism involves solvent assisied M-S dissociation [228],
An X-ray diffraction study of [P&{ Szk{ot.‘mz}z)zl is reported [229].

[Pt:l(Sz-::ZC'2 )2]2- formg 1:1 and 2:1 adducts with stannic chloride; +the EPR of
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the one electron reduction product ie reported. (P&(S,C,0, )212_ shows no
reduction above ~2 V but in the presence of one eguivalent of Sncl " there is a
revarsible reduction at -1.5 ¥V, and with two equivalents reversible reductions
at -.15 and -.54 V [230].

{Bt( PPh3 )3] raacts with (93) by colesaving the sulphur sulphur bond to

yviaeld (94), which is also synthesimed Ffrom K2(Ptc1‘] and the dianion of

Phe( 3)CHMeCS B [231].

S
N
Ph S +[PhsP)pt] — DPUPPhs),
S
S h

(93) (94)

5.5.2.10 Ambidentate sulphur-nitrogen donor Ligands

Earlier raporte on the linkage isomerism in
[PA( 5-nitre—1, 1O—phen )(SCN)Z] ware countradictory, with one group implying two
nitrogen donors and another one nitrogen and one pulphur. Careful gtudies have
now shown that if the complex s propaved in dm€ At Ioom temperature and
isclated by pouring into cold ethancl, the yellow di-N-bonded isomer is forwed
(Vg = 2093 cw 1), However, a preparation in ethanol at &0 °C gives the orange
di-§-bonded isomer (v = 2122 cm 1), meating the N-bonded jsomer in the solid
atate givee irreversible isomerisation to the S-hondéed compound [232].

Thermolysis of [Pt(dppe),]{PL(SCN) ] yields [Pt(dppe)(SCN),] in which
thiccyanate is S-bonded. An  analoywvus result is obtained with the
[PL(ELSCH_CH_NH, 5, 12 salt.  However, with ligands with a  weaker
trana-effect, such as ammonia or pyridine, [Pt2L3( SCN)*] is cbtained,

in which SCH is bridging [233]. Reaction of

ets-{{1 -phenyl-3, &—dimathylphosphole ) JPACl,] with SCN gives a
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big{ thiocyanate) which, 1in the 36lid state, hasa one 5- and one N-bonded
thiocyanate. The P-Pd bond #ranz2 to nitrogen ia aignificantly shorter than the
one trans to sulphur. The authors conclude that the binding 2ite is determined
by electronic effects, unless steric effects are wvery large ([234], The
distribution of linkage isomers in the complexes [{thp{(:ﬂz)nPth )Pd(scﬂ)z] {n
= 1-3), [(Ph PCH=CHPPh, )PA(SCN),} and (95) was studied by L, aw

apectroscopy. In contrast to the complexes of monophosphines, the isomers are

in rapid exchange at room temperature [235].

/_./\\
Ph, P ?F’hz
| |

NCS Pd——Pd NCS

- th P Pphz
N~

(95)

The kinetics of Lhe reaction between [PA{SCN) 412' and phosphorus ligands
were studied, and the stability constants of the mixed complexes calculated
[236]. [NBQ}[SC!J] ig effective in extracting PA(II) from nitrate solution
[237].

Complexas of thiourss and ity derivatives have been the subject of
revived interest. The kinetics of the reaction between [Pd{tu )4]C12 and
heteroryelice a3 s hava baan studied spectrophotometrically and
potentiometrically [238). Sulphur coordination was prowen by X-ray
diffraction studina  of tetrakis{l-wmethyl-4-imidazoline—2-thione )palladium
dichloride; bonding through nitrogen had previously been postulated [239,240].
IR ppectrcacopy alse implies S-bonding in palladium and platimm complexes of

quinazoline-2-thione—4-oene [241]. This makes the postulated all Nbonded
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structure for [pa 2( u—L) qcl ‘] (L = N,N'-dicyclohexylthiourea) somenvhat
surprising [242].

A number of platinum complexes of N—methyl-C-ethyl thiocarbamate (mtc)
including ois— and trm—[Pt(mtc)zxz], [Pl:(mtc)axz] and [Pt(ntc)‘xz] have been
prepared. In all cases the ligand is S—coordinated, Both cis— and
trana~-[Pt{mtc )zle give a multispacies aquilibrium in bengene {reaction {6))

[243].

Z[Pt(mtc}zclz] [Pt(mtc)3C12] + [Pt(wtc)Clz] (6)

The thiconic (C=2) rather than thiolic {Cs=-H) ceordination of
2—mercaptothiazoline (96) to palladium ie gimilar to that reported earxlier for
platinum [244]). 2-Mercaptopenzothiazole may be used in extraction of
platinum{II} into chloroform from 1 M ECl; the structure of the 1:Z2 extracted
complex is nol reported but is presumably similar to those of mercaptothiazole
[245].

—N

s

(96)

5.5.2.11 Bidentate and muliidentaie sulphur nitrogen donor ligands

e  sulphur nitrogen mwacrocycle (97) acts as a tetradentate ligand
towards palladium. In solution two major sterecisomers are cbservaed, differing
in configuration at nityogen, but only ont isomer is pressnt in the solid
Bstate [246].

Thiczemicarbazides bind +o palladium and platinum through sulphur and
nitrogen donor atoms, forming S5-membered chelate rings (98) [247,248). The cne
raport of N,N-bidentate binding is at variance with the IR spectra of the
complexes [249]. The contribution of thiono and thiolo tautomers seoms Lo wary
with the ligand (250], and in only one group of complexes,

trcns-[ﬁ(ﬂﬁzﬂﬂ:(S)Nﬂz)le (M = Pd or Pt; X = 1, Br or I) was the
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ntarecchemistry assigned [251]. Complexes of thichydrazides Bsuch as
[ra( N'HzmiC(s)Dh )2], appear to have a rolated gtructure. Somewhat surprisingly,
uging z2-hydroxyphenylthiohydrazide, the hydroxyl group plays no part in metal

coardination [252,253].

~
></—~NH 5} N
N—NH
5 HN | =N
L _M—57
|
(97) (98)

The prefersnce for the formation of S-membered chelate rings is also
shown in dithicocarbazato complexes. The pseudo—planar coordination about
palladium in (99) ie considerably lesa distorted than in its nickel anaiogue
[254]. Palladium complexes of +tetradentate bis{dithicrarbazates) formed by

reaction of I!.J't'x:ltmk2 and anmicszue have alsc been studied [255].

{99)

Palladium{II) and platinum{ I1) acetates react with L,
1 phenyl 3 wethyl--4-phenylacopyrazcle-5-thione (100), to give [H'.I..z] in which
the ligand is bound through asulphur and N(7) [256.257]. Complexes of

f4-amino—3, 5-dimercapto-l, 2, 4—triazole {101) were thought to be polymeric with
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binding through NH, and deprotonated SH [258].

2

5 7
N—NHPh
34 N—N NH2
3 //< )\\ >
\
2 \ﬁ HS rTJ SH
NH 5\/COOH
{100) (101) {102)

2-Aminocyclopantane dithiocarboxylate reacte with chloroacetic acid to
give (102), which ackts as an N,S-donor towarde palladium in a complex of
unknown stereochemigtry, containing a 6-mowbared chelate ring [259],

Bridgnd  derivatives of isgthicurea are synthesised from [Pt{en)(SCN }z];
under analogous condition® species derived from monodentate amines give

complex polymers [260].

5.5.2,12 Bidentate sulphur-phosphorus donor tigands

Palliadium(II) and platinumm{ II) complexes of thi'clizc:ﬂzsz‘t and
Ph ZPC.H 2l.'::!!zsP'h undergo  irrevarsible two  elackron reduction [261].
Ph PCB CH S(CH ) SGBZCEtzPPh forme a bis(palladium} complex (103); Pd—<Cl bond
lengths show a stronger trans—influence for phosphorus than for sulphur [262].
The ligand (104), with a variety of potential binding sites, reacts with

[(PhCN)deCJ.z] to give a complex bound through sulphur and phosphorus [263],

th Ph; S

2Pd<5 Cled” Fj i, N —PR;

(103) {104)
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5.5.2.13 Pldentate gulphur-carben donor ligands

The ligand Cﬂzm has three possible coopdination modes {(105a-c). X-ray
diffraction studies of [Pd{PPhB Jz(cazsue)][ﬂfsj show it to belong to the class
of (105a), whilat the perchlorate, which is a leas strong ion pair, has the

(105b) structure [264].

H Me H Me
>v—5/ \—-S/:
H 4 |
M o M MCH,SMe
(10S5a) (105b) {105¢)

Ligation of RZN-C-S may occur through carbon in an nl made, or through
carbon and sulphur ( nz). Howaver, thaere is quite a atrong preference for a
bridging mode, and this is found in (106), the product of the reaction of

[PA(PPh, ) (SCNMe, )C1] with PACL, [265).

Prp”” \/c—s/ NpPhy
NMe,;
(106)

£.5.2.14 Seleniwn donor tigands
Reaction of Pdclz with RSeCN 1in MeOH/NaDhc gives a complex of
stoicheiometry [PA{RSeCN)C] 2], which is probabkly dimeric or polymeric. In

C:liztzil2 monomeric [Pd(RsecN)zclz] is obtained [266].
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5.5.3 Complexes with amino acids, pepiides and nucleilc acids

Since wmwoat biclogically important molecules Dbind to palladium and
platinum through Group VI and Group V donor atoms, the practice of considering

them between ligands belonging to thase two groups is continued.

5.5.3.1 Amino acids

Thermal analysis curves for a number of known palladium glycine
complexes are reported {267]. [(Pt{an )(NHZCElzcooa ¥ljcl and
{Pt(en )(ancﬂzcoo_)]cl were prepared and characterised, and the ring <lopure
reaction studied potentiometrically [268]. Reaction of [Pa(bipy)(OH,), J2+ with
an amine acid ester gives essentially complete formation of a chelate complex.
A substantial (10°-10°—fold) acceleration is found for aqueous hydrolysis in
these complexes, in contrast to the reactions of the wmethyl-I—cysteinate and
histidinate complexes in which the carboxyl group ig not metal coordinated,
The results are compared with the previously reported data on
[Pa(en )(H,NCHRCOOR® )]°7,  ehowing a small but measuresble emhancement cbtained
using the bipy ligand, which i able to act as a m-acceptor [269].

The effect of electrostatic interacticne and hydrogen bonding on
galectivity in formation and side chain motion in ternary bis{amino acid)
palladium complexes has been studied by CD and 13C NMR measuremsnte [270],

Bis( 4-hydroxy-L-prolinato)palladium{ II) has cis—square—planar
cooxrdination on the basiz of X-ray diffraction measurements [271]. The
platinum atom in Cs[Pt{N-methyl-Lrhydroxyprelinato )Clz] is alsc coordinated by
nitrogen and carboxylate {272). Reaction of [Pt(NHB)Z(onz)2]2+ with orotic
acid gives three products ar yellow needles, green needles and blue
microcrystals. The yellow and green needles appear to be essentially identical
and to have the structure (107) [273].

Detailed NMR spectrogcopic and X-xay studies of

cls—{Pt(S—ethylcysteine )612] confirm the existence of two isowers differing in
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chirality at sulphur, in both the solid state and eclution. The § . N—chelate is
in the A—conformation, as found in other metal cysteine complexes ([274]. CD
spectra of palladium{IIl) complexes of D-cysteine may be used as a test for
racemisation in a range of reactiong [275]. Palladium and platinum complexes,
[I.I.:lzj, of S-z-aminoethyl-L-cysteine and S-2—amincethyl-D,L-penicillamine
hydrochloride have been prepared. Coordination is through sulphur and the
aminoe acid MNH_, but some interaction with the carboxylate group iz also

2
indicated {276]. Coordination of Nﬁz and carboxylate iz proposed for cysteine
complexes with Pd({phen) and P3d(bipy) but evidence for this unusuwal binding
mode is weak [277].
xz[pdc14] reacts with (108) to give [PdLCIZ], in which {108) is

coordinated only through the NH, group {278].

- 1

HaN— Pt—w—
NH3
(107)
N Az
X\N (EOOH

{108; X = S or Se)

5.5.3.2 Paptides

When palladium{II) reacts with gly—-gly, initial coordination ig thought
to ba through the amino group. Ionisation of the amido NH is metal induced and
a tridentate peptide complex bound +through amineo, deprotonated amido, and

carbeoxylate groupg is formed. Some deviations from this established pattern
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are emerging. At low pH, gly-his £forms (109), since the imidasole ring

provides an excellent binding eite (279]. In trme—[?t(glr—gly)zclz 3] the

COOH

(109)

paptide iz monodentate, coordinating through the free amine. Judiciocus changes
of pH may laad to formation of N.N- and N,0-chalates [280]. Thermolysis of
trans—[Pt{ NH CHRCONHCH( CH, JCOOEt ), ] gives trans—[Pt(NH,CHRCONH),] a8 well as
ligand degradation and decarboxylation [281].

The interaction of [( !ll:l:a ) 2I'i:t'::l.zj with cysteine gives a yellow product of
unknown structure, which containe a sulphur platinum bond. The analogous
reaction with glutathione is a model for protein binding and yields (1i0). A

trans-bis complex may be obtained with excess ligand [282]. The interaction of

NG
Pt
HNT NN NH-"COOH
00"

-

NH;

(110)

palladium{ II) with peptides containing S—wethylcysteine gives complexes bound
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through NHZ, deprotonated amide and SMe donors. EBinding of the sulphur atom
gives a new chiral centre, and inversion at sulphur is slow at pH < 9. Two
diasterecmers may conaequently be distinguished (283].

Platinum pepkide complexes, [Pt NHZCHB':ONHCHR‘COOEt 3 2){2] may be
synthesised by three distinct routes. The first involves treatment of [Ptxé]z_
with the peptide ester, whilst the second uses carbodiimide teo couple
[Pt( mzm)2C12] with HZNC:HR'CDOE'{:. A good vield is alse obtained on
treating the bis—chelate, c£s_[Pt(NH2m2)2] with acidic ethanol [284].
Ternary complexes of inosine with palladium peptide derivatives were studied
by 1B NMR spectroscopy. Rotamer fractions changed significantly on binding of

the inogine to gly-phe and gly-asp complexes {ZB57.

5.5.3.3 Nuclele acides and nucleosides

The electronic structures of  3-methyl and 9-methyl  adenine
(3~Melk, 9-Meh} were explored by INDO, Binding of the 3I-methyl compound
is, as the theory predicts, through N(7), as= shown in an X-ray
aiffraction  study  Of cis-[PE(NH,)( 3~maa)2]2+ [286].  Reaction  of
cis-{Pt(NH, )}, (1-methylthyminato)Cl] with Ag[Cl0,] and then S-MeA gives four
products, two of which can be isclated in a pure state., As predicted by theory
N{l) and N{(7} are of similar basicity, and the products include N{1l) and N{(7)
bound monomers and an N(1)-N({(7)} adenine bridged dimer [287]). The preparationg
of [Pt(AJH+ )C13] and [Pt(nd)(orlz)clz]ﬂzo (Ad = adenine, (11)) are reported; in
both cases adenine ig N(7) coordinated {45]. The kinetics of the reaction of
E'AMP with [(m&l3 )thclz] have been sgtudied by ]T! NMR spectroscopy. Two
pathways are involved ae either N(1l) or N{7) is initially coordinated +to the
metal, with subsgequent reaction giving the N(1)-N(7) bridged dimer (111). By
contrast 5'GMP gives two rapidly interconverting rotamers with platinum bound
to N(7) [2881.

K2[RC14] reacts with GMP to give [Pt{ca!P)cla]_ and [Pt:(cmpjzclz], with

binding at the favoured N{7) position, lﬂ HMR ppectroscopic studies indicate
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that the conformation of the sugar ring is altered on binding to platinum

[289]. X-ray diffraction studies are reported on bia{guancaine) derivatives

NH,  PHNHaCl

(NHs), P"t\c\(
LD
Lhthl N
ribose
{111)
of chelating diamine platinum COMP 1eons [290] and
cts—[pt(un3)2(N2,Nz-a1m.thy1—9-m-thy1guanineyc1][9961 [291]. In a
conaidserable range of mixed nuclacbase conplexes such as

cia—-[Pe( NE3 }2( 9-ethylguanine )( 1-methyloytosine )] [ClO 4} 2 the three dimensional
gtructure is maintained by intra and intermolecular H-bonda [292]. Mixed
complexes containing 9-ethylguanine and 1l1-methylthymine anion (N{3) bound)
also show N(7) bimding ({287]. In [Pt(guanineﬁ+)613].lh0!! the binding is
similar, but for [Pt(guanine—ﬁ)zclzj.?ﬁzo guanine binds az a bidentate ligand
through N(7) and the C(6) oxygen, with chloride bridges [45). Participation of
the C(6) oxygen i8 excluded in [Pd(N‘Ea )z(ﬂlls&))(l'u.;l.t:tl)]C.‘l2 for nucl = inoaina,
guancaine or ocytidine [293]. Purther evidence for the kinetic binding of
cts—[(ma )zpmlz] to DMA at N{7) of guanine with the formaticn of intrastrand
dGpG crosrlinks is accumalating [294,295].

The DNA croselink GIN(7)]-Pt—G[N(7)] may be modelled in complexes of
1,3, 9-trimethylxanthine (1,3,9-tox) (112). cts-[pt(en)(1,3,9—tux)2]2+ was
characterised by X-ray diffraction; R(7) is Pt-coordinated but
there is no participation of the 6-oxo group {296]. In the Pt{en) complex
of 7,9 dimethylhypoxanthine, platinum is coordinated to N(1)} of the ligand

(113); o{6) is not coordinated but is hydroegen bonded to the nitrogen of
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i l
e N 7N>®
O}\N i\’]g
(112) (113)

en [297)}. The corresporkling bis{ammine) complex may be compared, and is
propogsed ags a wodel for a 5'-IMPI(N(1)]-Pt—-[N{12)]5'-IMP interaction. In this
case N(1) is bonded as before, with the ligands in a head—to—tail arrangement.
Houevér, the Pt—0{6) distance, 3.086 i, implies a small but significant
interaction with oxygen in the axial direction {298]. A head—to—tail
arrangement of ligands is also found in
cts[({bis{pyridin—2—-yl}ethane )Pt{ —methylhypoxanthine )2] (m3 ] 2 Rotation about
the Pt-N(7) bond iz slow on the NMR time scale, with Mtw S0 kJ ml_l [299].
Purther studies of the coordination of the tautomers of uracil and
thymine to platinum{II) are reported, The binding modez may be distinguished
by a combination of IR and Raman gpectroscopy. Trans-[Pt(N’BB )2(dmf )Cl][ma]
reackta with potaggium thyminate (XHT ) to give two isomers of
trans-[Pt(NH3)2(Eﬂ')Cl], bonded <through N{(l1) and N(3) respectively. The N{1)
and N{3) bound isomere of [P N33 )3(lﬂ.')]x and [Pt(N'H3 )3('1')] are similarly
differentiated. A bridged N{(1}-N{2) dimer and platinum thymine blue were also
studied [300]. Full X¥-ray structural data are reported fox

[{ota-(PL{NH_}

31 )2( p—l-wmethylthyminato )z}lmclz] . 10H20 [301].

X-ray diffraction date are reported for

c.-I’.s-—[Pt:(MB3 )2( l-methyluracil )2].45 0, (l-wethyluracil = 1-Mel) in which N(3)

2
of (114} is bonded to platinum. Raaction of this complex with copper(Il) gives

platinur—copper speciea of 1:1 and 2:1 stoicheiometry. In the 1:1 apecies,
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cts—[Pt{NH3)2( 1—mu)2t:u(ﬁzo)z]{so“], both metals are square planar and N(3) of
the ligand is bound to platinum, whilst O{4) iz bonded to copper [302).
Treatwment of the head-to-tail dimer cts—[ptz(u'ﬂa )‘( 1--llat1)2][l~103]2 with aq[uo3]

gives [Pt (NH ) (1-MeU) qaq]”. X-ray diffraction studies show that this

NH2
3 4 4
HN 5 aN 5
o)é\,r‘ : e
Me - Me
(114) (115)

containe two dimer units, bridged by a silver atom which is coordinated to the
four 0{2) atoms of 1-MeU [85]. A range of complexes of l-wethylcytosine
((115), 1-MeCyt) with {(NH_ );Pt} is reported. Ap well as the previously
described 1:1 complexes, cls-[(NE, )ZPt(OEZ))2+ gives aimeric, N(3)-N(4)
bended, complexes with dJdeprotonated 1-MeCyt, and with  excess ligand
[Pe(NE, ;-(1-:4-::y|:)332+ is formed. In the latter, two of the ligands are bound
to platimm through N(3) in a head-tcotail arrangement, allowing
intramclacular hydrogen bonding between 0(2) and N(4) of the nuclecsides
[302,304]. N(3) bonding is also dewmonatrated in the analogous perchlozate galt
[305].

The sterecchemistry of the complexes, [PAL.X,], formed from K,[PXCL,]
and a wide range of pyrimidine bases, has bean studied. With the exception of
the cytosine complex, the initially formed cis—isomar could not be isolated,
Both cis-— and trans—-[Pd{cytosine )zclz] react with thicurea +to give
[PA( tu )4::12], rendering doubtful stsreochemical arquments based on Kurnakov's
tent [306].

Treatwent of [(amino acid )ptc13]' complexes with purine and pyrimidine

bagses givea cis—[({amino acid){nucleotide)PtCl 2] complexes. Adenine and guanine
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bind through N(7), cytosine and uracil through K{3), whilat hypoxanthine forms
dimere of stoicheiometry [Ptz(alan)(hyponnthine)clJ, bridging through N(3)
and N(9) [307].

4—-amino—2, 5—dimethylpyrimidine, (admpy, (116)), reacts with KszdC14] to
¥ield [Pd(admpy )2(:.12]. NME spactroscepic Jdata ave consistent with binding only
at N(1l} in this complex, and alsc in [Pt(a.dmpy)cla]_ and [Pd(adlnpy)cl3}_,
despite the ateric hindrance of the methyl groups {30€,309]. “The preferred
metal D»inding gite of vitamin B1 (Th, (117)} i N{1'), but IIR metals,
egpacially mercury, may bind at N{3') leaving N(1'} available. Reamction of
Hg(’.[‘h)(:lg with palladium{II) gives [!IgPd(Th)Cla] via [chlde(Th)Cla}, but

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

NH»

xcy
HO ‘5» NJJ

1

(116) {117)

The complex (118) binds to N(7) of dJdeoxyguanosine in poly-dG—d3C and
poly—dG-4C; having only cone available binding site is cannct form crosslinka.
With binding to ¢ 10% of the nucleotide bases the amount of ethanol needed to
bring about the B-Z conformational transformation is considerably reduced.
Although (118) does not bind any more effectively to the Z form, it is thought

to stabilise it through electronic and hydrogen bonding interactions [311].

5.5.3.4 Cancer chemotherapy
Purther studies on the nature of +the products of aguation of
clig=[ (HB3 )2PI:C‘12] are raported [3i2]. The formation of

2+
[(ms)th{u—Cﬂ)th(Nﬁa}zj . {119), is proposed to occur before interaction
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with DNA. EXAFS spectroscopy above thae Pt L3 adge was used +to study the
platinum environment in the complex formed from {119) and calf thymus DMA. The

most dJdefinitiee abaervation was that a short Pt-Pt diatance exists in the

/A

N NH;
\Pt/

-~ N

H,

Pt-I¥A complex (313].

(118)

A new range of complexes of general formula [Pt(mntf ¥1 3], where NXN is
nicotine, 3-amimomethylpyridine, 1,2-bis(4-pyridyl)ethane or pilperarzine, has
been tested against murine leukaemic cells 11210, which are resistant to
[{Nﬂs)thclz] [4B8]. C:‘.s—[(!tHB)ZPtC].z] causes immediate and long lasting

dacreazes of mitotic acyivity of Ehlich tumour cells {314].
5.5.4 Complaxes with Group ¥V doror lLigands

5.5.4.1 Unidantate amine donor ligands

Treatment of [l’c)mﬂa)‘]r]-‘.:l2 with potassium jiodide gives [Pﬂ(l*!ﬁ3 )4]:[0, in
which coordinaticon about palladium remains atrictly square planar [315].
Reaction of [Pt(NH3)4]2+ with a hydrated electron gives the transitory
platinum{l) species, [Pt( “H:; ) ‘]+. which releases aommonia in two steps giving
[Pr(NH_),(OR,),1" and subsequently colloidal platimm [316].

The thermal stability of cis—[Pd{ NH3 ) 2I’..‘.l_‘,] has been further
investigated., Iscmerisation te the trans-complex is the firat process
cbserved, followed, at 250 ¢C, by the irreversible formation of a new
crystalline modification B—srans-[pd(uﬂa)zmzl [317]. C"f.a-[Pt(HHa )21(!'] (X =

cl, Br, 1 or mz; Y - mz or Cl) is lemz stable to y-irradiation than the
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trans-isomer, though both esventually decompose to platinmum metal, ammonia and
halogen [318]. Kinetic [319] and theoretical [320] studiea of [M(NH, ), C1, ]
{M = PA or Pt} have alsc been reported.

The hydroxe bridged complex [tNHa)zpt(u—OH)th(H'Ba )2]2+, ha® been
atudied from several viewpeoints, A full normal coordinate analysis wasg
performed [321], and the laser Raman spectrum of this and '°0 and D-labelled
analogues recorded  [322]. 1955 MMR  studies of cts-[PE(ND,_),(0D), ],
'[(DglsN)th{y—OD}th(158D3)2]2+ and the  hydroxo  bridged  trimer,
[Pta(lsﬂbg)ﬁ(u—ob)333+, show that changes in . N-Pt coupling constants are
realated to trans-effects [323].

cf.s—[Pt(NHg.)ztmz)z] reacts with phosphoric acid to give a complex
mixture of intermediates (A), the fate of which deperdd2 on the reaction

conditione {Scheme 2). (120) and (122) are thought to De polymeric with

bridging phosphate ligands {324].

: HyPO4
C1e=(PL(NH, ) (N0 ) ) — — 2 \\ 130—-140 °C
ST
cool, H0 [p( NR, ), (NO, ) H PO )]
(121)
[PLINA, ), (M0, )y g75 TP ) 125 (HyPO, M IH,O
(120)

100-10% °C then 520, 40-50Q °C
a — [P(NH,),(NO, )

1 .8'?5( HBPO&) . ZI..25J

(122)

Scheme 2 Reactions of cis~[Pt( NH3 )2(5102 }21 with phogsphoric acid [324].



289

[Pt{ﬂﬂs)z(biw)]2+ forms 1:1 complexes with a range of crown ethars via
Nﬂa-polyathero hydrogen bondg, the polyether being in the second coordination
sphere. There is a charge transfer eochange between the phenyl ringa of
dibenzo—l8-crown—6 and the aromatic rings of the bipy ligand [325].

Cyclopropy lamine raacts with K 2[Pt01 ‘] under cargfully controlled
copditione to give cts—[!‘t]‘..zclzjl. the structure of which was defined
by X—-ray diffraction [326]. Analogous cts—cowplexes of
5.8 lkyl-N-f-amincethyl-z-pyrrolidone , (123}, ali coordinate through the amino

NE, and are weak antibacterials [327].

0

R N O HZN\pt/I
1" \NH,
NH2 OH
{123) {124}

a 1z mR stuay of trans—[Pt(Hzﬂne)(nz—nlkem)clz] complexss was reported
[az8).

X-ray diffraction studies of (124) show a gtructure stabilised by
intermplecular hydrogen bonde betwean OH groups [329]. Bydrogen bonding is
also important in trons-bis( iminodiacetnide)PdIIBrz. HN(CH,CONE ), acts as a
terdentate ligand towards copper and nickel, but with palladium{IT) the NH is
bound to the metal and is hydrogen bonded to both the carbonyl groups in the
same ligand [230].

The Ccomplaxes cis—[M{ B—mimcomrin)zxzj (M = Pdor P£t; X = Br, I or
SCN) are converted to the trans-isomers between 105 and 240 °C. The chloro
compounds isomerise and decompoge at a higher temperature [331].

IR apectroscopic atudies of cia- and tran.s-[:Pl:(HBzPh)zclzjl,

cla-[Pt( NBZPh)ZBrz] and D and 15N lakbelled analogues allows the assigmment of
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Pt-N and Pt-X frequencies [332,333], The stereochemical purity of cis- and
trm—[Pthc].z] complexes is wvery important in the search for active
chemotherapeutic agente. Treatment of K[{Pt( N‘Hzl?h )Cla} with PhNHz given pure
ciz-igomers. The trans-compound is formed on dissolution in dmf. Isomers were
identified from their IR spectra, as Kurnakov's test proved unreliable {334].

Reaction of xz[mlqj (M = Pd or Pt) with flucorinated anilines, L, gives

[m.zcztz] of unspecified stereochemietry [335].

5.5.4.2 Unidentate heterocyclic nitrogen donor lLigands

Reaction of [Pt(py )2( od )Z] with a carboxylic acid gives
trans—[?t(py}z(ozt‘_:k)zj, which dJecarboxylates on heating to [Rth(py)z]. The
same products are abtained on heating Kz[PtCl 4} with thallium carboxylatea in
the presence of pyridine [3236]. The complexes [PJdL 2(:123 with L =
Z2-octylaminopyridine or 4-vinylpyridine both hawve ligand coordination only
through the pyridine nitrogen [337,338]., Cts—{Pt(nicotinic acid )2(:12]
decompoges on heating to give a binuclear complex, without dJdecarpoxylation
[339]. Brecadening of 195?-!: gatellites in the IH NMR gpectrum of (125) arizes

£rom 195!?1: relaxation via chemical shift anisotropy [340].

Cl
|
=2
ol
COOH
{125}

T™e IR apectra of cis— and trong-bis{pyrazine)platinum dihalides
are reported {341]. Both 2, 2'—thienylpyridine and
thieno[2, 3-b]pyridine complex with palladium only through the pyridine

nitrogen, with no evidence for sulphur binding {342]. In
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trans-his 2, i-dimethyl-6-hydroxypyrimidine )palladium( II) and platinum{II)
chlorides it is proposed that the OH groups interact weakly with the metal,
which ig not poasible with the cis-isomere [343].

Assigrments of VPt—N and UPI:—JC in cts- and trons-[Pt{ imiﬂﬂ)zle
complexes have been accomplished bw compariscon with deuterated dJderivativea
[344]. The redox potentials of these and substituted imidarcle complexes are
rather similar to pyridine analogues [34%]. In the presence of KI,
[Pt(1-Meimid )4)24“ gives [Pt(1-Meimid) ][I,],, the structure of which was
agtablished by X-ray diffraction [346]. A aseries of complexes of

l-vinylimidazole, L, was prepared (Scheme 3) [347].

Ag[ro, )
RZ[PI:XQJ + L ——)cta—[!‘tnzle —,[ptt.zle.th[uoa]
X=ClBrorl X¥=Clorl
L [c0,)
[PtL, (€ 0,))
<4 X =Cl
[PtL )X — {PEL_J[PEC]l ]
472 [(Ptcl 12 5 &
&
[RQN]J!

trm-—[l?tl‘.zxz 1

Scheme 3 Synthesis of complexes of l-vinylimidarole [347].

The solid phage transformations of bis(benzimidagzol fun)
tetrachloroplatinate(1II) and palladate(II), [1H] [MCL ], differ somewhat.
[1B),[PtC),] gives [PtLCl,] by an Anderson rearrangwment between 155 and
190 °C, whereas [18]2[1'40‘:14] gives initially [LEI][PdICla] which, on further
heatimy, gives I’d&':].2 [34B]. Solid phase thermolysis of c'Ls-—[Pth(SW)zl.zﬂzo

gives loss of water at 105 °C and isomerisation to trans-[PtL z(scu) 2] at
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145 °C. 'The c¢is/trans iBomaripation temperature differs little from that for
cis—[Pt(imidH), (SCN),] (349].

The crystal structure of tmns—[Pt(C2H4)( pyrazole )Clz] shows that the
complex is almoet planar, and the IR spectrum implies H-bonding between the
pyrazole NH and chlorine [350].

The electrophilic carbonyl ligands in wetal complexes may be

comverted {reaction (7)) to ecyelic aminoxy or diowxocarbene ligands.

+ HaH QFM
_—
M-Cmd + nzm ,CH,Br (7}

NH

[(cp}m(m)z(mzazﬂ)]is prepared in thig way and reacts with [(HeCN)deClz]
to give sym,trans-[{(cp)?e(mJZ(C’EZCHZN)P&(»-CI }Cl}zl, where palladium is

coordinated to the nitrogen atom [351].

5.5.4.3 Bldentate and polydentats amine donor Ligands

The reactions of H N(CH,) NE, (n = 2-6) with [Pt(dmo}clB]“ depend on
the length of the carbon chain. Porn = 2 or 3, only the chelate
[Pt (s N(cu, )nmz}(dlnsojcl]+ is igolated. However, for n » 5, monodentate amine

complexesn [Pt[ﬁzlﬂ{cﬂz )nN'HZ}(dmso)Clz] are isolable and entry of a second amine
ia favoured over Ting closure. Por n » 4 ring closure and the second
gubatitution compete [3521]. The kinetice of ring cloaure in
trans—[Pt(Nﬁs){ﬁzmmz}nuﬂa}clzf alsc depend on n. The differences in the
rate constant on changing 7ring size derive from changes in aﬂt rather than
&Sx, in contrast to purely organic systems [353], Similar observations wera
wade for [Pt{Hezﬂ(Cl-lz)nNHez}Claj_ (n = 2 or 3); the five membered ring is
formed 183 times faster than the six membered analogue, and the methyl groups
engender a 50-100 fold Theorpe-Ingold rate enhancement compared with primary

amines [354].

Chelate complexes of 3,3-dimethyl-l,2-diamincbutane { amion ) are
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regtricted to the conformation in which the teri-butyl group is equaktorial.
Conformations of diamine, S-wenbered, chelate rings have been studied by 'IB
and 13{: NMRE gpectrogcepy [355], and CD weasurewments [356], It was concluded
that in [Pt(ms)z(s—l,z—pn)]z+ the chelate ring is 70% &, in accord with
earlier vreports. Quantitative CD and electronic spectral messurements may be
made on microcrystalline [Pt(s—l,z—pn)clz in an alkali halide watrix [357].
X-ray diffraction studies on a gix meobered diamine chelate ring in

[PE(bipy) [(+)—2-methyl-2, +—diaminopentane} ] [ KO LHO show it to adopt an

PR

unsymmetrical boat conformation, in accord with strain energy minimisation
calculations. 1H and 1c NMR data indicate that the chair is the major
golution conformation, but +that the beoat is also significantly populated
[358]. The cytotoxic propertiea of platinum complexes of 1,z—diaminchexane, L,
are different from those of [{li'lEl3 )2PtC12]. The formation of [PtL{DH)z]2+;
[I.Pt(u—OH)zptL]2+ and ];1:1;31.3(;.;—¢:m)3]3+ are pH dependent, the dimer and the

trimer being less toxic than the moncmer [359]. 2 < and 30’ - for (l126a-e)

JPt Pt
have baen shown +to vary considerably, increasing with ring strain. The

ralationship 3J - SJIcosztp, where ¢ is the Pt—N-C—C dihedral angle, was

Pt-C
established [360].

H3N /NHZ
\/F’t\ (CHa)p,

HaN“ “NH;

{126a) cis, n = 3 {126b) trans, n = 3
(126c) cle, n = 4 {1264) trans, n = 4

{l26a) trans, n = 2

+ .
The sthene ligand in [Pt"bzmcazjzmzuczﬂs)c” is wvery reactive
towards nucleophilic substitution and reacts with Et ZNH to give (127). X-ray

diffraction reveals roughly square planar coordination of platinum [261].
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Mez Et Me;

N\P /CHzCHz\\ /CHZCHz\Pt AN

Y, t\ oN A

N Cl | cl N—

ME‘Z Et Mez
(127)

A range of substitution reactions involving chelating diamines have been
ceamined. Typical examples are given by reactions (8) and (9). Treatment of
(128) with en, however, gives {130), where metal promoted transamination as
well as bridge aplitting has occurred [362].

PPhg HzN

en [ (8)
Ph—Pd—Cl ———— Ph—Pd-—NH3

NH3 PPh3

Ph
P e,

N X—\ { 9
- \pd/x‘/\Pd MeN  NMe, KN\Pd/Nj -~

= XTN\N ’ i
Q !i-’h Me,
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Both rates and equilibrium constante for the reactions of [Pd( dien)x]+
with nucleophiles depend on X, and vary saensibly with changes in solvent,
which principally affects leaving group ability [263)]. The pressure dependence
of anation of (P&(1,1,7,7-Et dien )(052)12" by chloride was studied in a high
pregaure stopped flow system. Cosparison with data for dien, Etsdien and
4-pathyl-1,1,7,7-Et ‘d:i.en complexes ehows that rates decrease a8 steric
hindrance increases. An interchange mechanism is indicatsd with high pressure
data favouring Ia [as6a].

Both nitrogen atoms are metal coordinated in [llmcz] complexes of (131)
(M = Pd or Pt; X = Cl, Br or I}, prepared by treatment of K [MX,] with the
ligand. These species function as effective fungicidea and bacteriocides

[3651.

Palladium(I1) and platinum{II) complexes of (13a) and (13b) have been
characterised by NMR spectroscopy and DTA studies, but precise details of the
structures are not well dJdefined [49). Purther platinum{Il} complexes of
N, N'—ethylenediaminediacetic acid are reported; the ligand may be hi- or
tridentate [37].

Studies of the elactronic spectra of platimmiII) bipy <omplexes have
bean reported [366].

An Y¥-ray dJiffraction study of +the palladium({II) chloride cooplex of
{132) shows that coordination abkout the metal is distorted towards the
pyramidal, and the best plane of the four donor atoms surrounding the metal is

bent by 40° cut of the best plane for bipy [367]. Ligands such as (133) might
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be expected to experience considerable steric problems in becouing coordinated
to palladium in a [Pdﬂq_] arrangement. However, preparation of [Pd{(133}}].[-120

proved relatively facile [368].

Coft | COEt

{(132) {133}

[(3,5dimethylpyrazclyl )2Pt{ dppe)] reacts with copper{II) sulphate to
form a 1:1 adduct. EPR studisa restrict the possible structures for the adduct
to (134) and (135) [369].

4,4',5,5'-tetracyano-2,2'biinjidazole (L, (136)), which is a poor o-donor
but a strong mr-acceptor reacts with KZ[H(CN)‘}] (M = Pd or Pt) to give
xztm,(m)z] [370]. 1:2 complexes of unspecified structure are formed betwean
(137) and palladium(IT)} [371).

Palladium{II) complexes of the tetradentate tetraaza macrocyclea, {(138)
and (133), have been characterised as models for corrin and porphyrin
complexes [372,372]. [(TBP)PL(II)] shows a strong phosphorescence at 745 nm,
with a quantum yield of 0.1810.04 [51]. The crystal structure of
N,.N'( {benzyloxy }methylene Jtetraphenylporphyrin-—N",N"'—dibromopalladium( 1),
{140) showa the porphyrin ring to be highly distorted. The complex ia proposed
as a model for the intermediates in the synthesis of porphyrin complexes

{374],
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{134}
(135)

(137}

(136)
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(138) (139)

<. L
o

PdBr,

(140)

5.5.4.¢4 Imine donor ligands

Treatment of the carbon bonded complex (141) with
[ {Pd( n3-2—34—caﬁ4)c1}2] in the presence of Na[c104], vieids the chelating
bis({imine) complex, (142) [375,376].

Etzm CB SC(NI«I)]!'!‘EIz coardinates in a monodentate manner via the imino

272
nitrogen atom in [Pt{EtZNHCH 2(':!! 2Si‘.:,‘( NH)NH2 e 13 ]_, whereas pyridine
o-ethylthiuramine actz as a bridge in the head to tail dimer (143) (377].
Spin exchange is realised by an dindirect mechanism in a range of

copplexes auch ae (144} [378].
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\a . R
P R (RA=P ) T =N 4
Q—Pd—C ) Cl—Pd—C Pd—>~R
I
R! R cio;
{141} (242)

o L
CH2CHLS /Cl

\ / \
Py Py
ca’ \N SCHzCHg@ e

NH2

{143)

7

o >(N
Yk\ /x\ /
SN \

f y

(144)

5.5.4.5 NiLtro corplezes
195t mMR etudies of the system [Ptcl 4]2"/[N02]_/Br" are veported [44].

[(m)zmmoz Y1l reacts with ethene to give ketones via (145) {379].



3060

0
\Pd/c
LA

{145)

5.5.4.6 Dlazine, triazine and tetraczadiene Ligands

Diarytriazines, ArN=N-NHAY, may act as mono— ot bidentate ligards. Cis-—
and trons-[PA(PR, )zclzj both react to give t-rcms-[Pd(PR ) ( ATN-N=N-&x )C1].
room temperature these undergo an intramolecular dynamic process with rapid
exchange of N(1) and N(3). Intermelecular exchange occurs but is much slower
[380]. Reaction of K 2 [PeC 14] with Ay —N=N-NHMe gives
cts-[Pt(l\r—N-N-N}nh)zclz], in which the +triazine is monodentate. These
have cytotoxic properties [2381]. The extraction of palladium{IT} with
1-{ &—nitrophenyl)-3-( 4 —azcbenzene )triazine is reported [382],

Two palladium complexes are formed from 3—-nitroformazan, (146). The
violet complex is a chlorc bridged dimer, whilst the green speciesa, formed in
the presence of 31;+ and an excesas of ligand, has [Pdl:.zj atoicheiometry. Both
are said to contain an N(1}-N(3) five membered chelate ring, analogous to the
corresponding nickel{II} complex [383]. Quite a different structure was
assumed by Rusgsian workers in {147), a complex of
3-( 4~oxo-3, 5-di-tert-butylphenyl }~1, 5-diphenylformazan, which is of interest
in its radical form [364]. In neither paper was the evidence preasented for the
structures particularly convincing.

Tetraazadiene complexas of platimm( LI} react with azide Jjong to give
varicus exchange and rearrangement procesges. Por example, the 4-nitrophenyl
compound (148) gives a mixture of producta (Scheme 4) but the a-chloro
analogue is unreactive {385], More complete details of the synthegis of

tetraazadiene complexes from {Pt{cod)zj and [PtB(tert—BuNC)GJ are reported.
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[Pl:(m.'ztt*)(cod)] reacts with Etap to give the Dbright Plue compound

[Pt{l,é—{4—nitrophenyl}2ﬂq}[CHC(DEt3)H(Cﬁz)ZCH=CHC32652](PEt3)}c (149). X-ray
diffraction showed roughly trigonal bipyramidal cooxdination with the Pzts and

a-bonded carbon axial and the w-acceptors, axadiene and ﬁz-a.n:ene, equatorial

[3061.
Ar
N‘—N_/ h
OzN—/é A *N\ e N“N
fnﬂ‘ __N/ '\.N__
N
A on
(146} {147)
R R R’
| | N
=N y = N=
l\Il Npi(cod) + RNy ———— E >P’£(C0d)+ i\ll >P1(C0d)
N N/ =N %f\[l
é ”, R(

(148) R = 4-O,NCgld,,

e
ONF R
| 0@ © \ |
N Not N, —R-N=P \@J@ © 0 >Pt
}‘Q R R

Scheme 2 Reactions of azide ion with tetraazadiene ccuplexes [385].
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5.5,4.7 Bldentate nitrogen-phosphorus donor Ligands
When (150) is treated with (151) (E = P or As), diastereomeric complaxes

(152) are produced and may be eagily separated [367].

v \/
AN

(150) {151) (152)

5.5.4.8 Bidentate niltrogen-carbon donor ligands

Cyclopalladation of (153) was studied by N MMR spectrogcopy: the



303

six-mewbered rather than the five—mewbered product le formed (reaction {10))

[388]. RAhout twenty complexes of the type (155) have been synthesised and

ﬁ\r Ar
I
N l /N .
Na QFCIC[L
(10)
(153) {154)

their electrochemistry studied; three cyclic voltammetric waves are found, the

firet +twe corresponding to reversible yeduction of the aro ligand [3683].

{1551

Reaction of lithium tetrachloropalladate{Il) with the hydrarone (156) gives
cyclopalladation (reaction (113}). It i interesting +to note that
cyclopalladation competes successfully with hydrazone deprotonation [390].
Cyclowetallated products are alec formed in the reactions of 2- and
3-thienylpyridine and 2-arylpyridines with Li[RPdCl ] {391,392]. In (158) X-ray
diffraction shows a pomewhat distorted aquare—planar coordination of palladium

with some interaction between the metal and the aldehyde [333].



ang

LiPdX, | )
Q H "‘"‘[—1‘9 P~ O

Ar ()

(156} {157)

{158)

The carbon lithiated diamine ligand (15%9) reacts with [PH( szt2 )2c12} in

the presence of Br to give (160) (reaction (12)). The corresponding palladium

NMEZ o~ NMGZ
| [(Etzs)zptcu] /Br 1
L]i - > Pt —Br
NMe; NMe,
(12)
(159) (160)

complex i3 synthesiged from [Pd(cod)arzl‘ Treatment with hg[BP4] removes
halide, to give the agua compounds, which are stable poth in the gsolid state

and in solution ([394]. Onh mixing the halc and the aqua complexes, home and
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heteronuclear bridged dimers are formed; the structure of (151) was determined
by X-ray diffraction [395]. Replacement of bromide by ethancate occurs on
traatment of (160) with sllver ethanoate, but Ag[RNXNR'] (X = CH or N) gives

the bimetallic compound (162), indicating that formamidlno and triazenido

NMe;  Me;N NMe; Ag—N
Pd Pd Pt N
| | | R
NMe, Me,N NMe,

{161) {162}

ligands have  greater stabiliwing influence on the platinum-silver
bond than the iacelectronic carboxylates. For R # R two isowers are
formed in proportions depending on Doth electronic and steric fackors

{396]. The presence of a direct platinum to sailver bond wvas
1

confirmed, and J&g—Pt weasured using the INEPT technique in the
logag NMR spactrun [397]. aAn analogous mRTrCUry complex,
[{2,8=¢( nezucnz )2‘:633}“{“_*‘:53‘:534“{Hm2 }EgBrCl], was studied

crystallographically, showing that the coordination about platinue is
approximately square pyramidal. A low value for lJHg—Pt is consistent with the
bond from platinum to mercury involving a molecular orbital with high dzz

character [398].

£.5.4.9 Unidantate phosphine donor Ligarnds

The published data on the iscmerisation of palladiuwm{II) and
platinum{ II) square planar complexes have bean reviewed, with specific
reference to [PhPt( PE'I:3 )zcl] : it is concluded +that the trans-effect of the

inner sphere ligande controls the direction of isomerisation [399]. Caxrbon
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monoxide induces cis/trans isomerisation of [Pt( PR3) 2tf,'?.‘.z] riaga a pseuderotating
five-coordinate intermediate [400]. A 2imjlar mechanism is invoked to explain
the isomerisation of [Pthclz] in the presence of an excess of phosphole

ligand (1e3) [4011]1.

\,
(163; R = Me, Bu, CMe,, Ph or PhCH,)

X-ray diffraction studies are reported fox trans—{Pd{P(CHzl’h}a )2(N3)2]
and trana-[Pd(P{C:HzPh}a)z(dljzl. Only the trans—isomers may be isolated
becaugse of the steric bulk of the tribenzylphosphine ligands. The ligard cone
angle measured in the azide ig 2007, riging to 232° in the cyanide. Cyanide
émerl;s a stronger cis—influence than azide [402], trans—Geometry 1is also
preferred for complexes of +the TDbulky triisopropylphosphine; in
trms-(Pt(P{C[{Hez}a)ZCJ.z] and trm-[&(?{mz}a)zﬁcl] the interactions
between the phosphine substituents are important in determining Pt-P distances
[403]., Diffraction studies of two crystalline modifications of
cls—[Pt( Hleth )2(.‘12] are reported; both show small tetrahedral deformations
from strictly gquare planar geowatry [404],

The wuse of c¢losc-borate anions as a means of stabilising unusual
coordination compounds has been  reviewed, For example, it ig
aifficult to make the tetrafluoroborate salt of [Pd(PPh,) (s-Cl), 1% put
the [annjz_ (n = 10 or 12; X = Cl or Br) salts are stable. Other umeful
transformations are shown in Schewe 5 [405]. A new preparation of
{Pt{ Pl?'ha)z)clz] ia reportad; it ig claimed that the product is in some way
*different” from that produced in the past, an assertion for which little

evidence is provided [406].



3a7

H B _Cl
212 12
_— s
2PdC12 + 5C32{SO ] Csl NZC15(312C]‘12 )3

4PPh 9

[sz(PPha )“’(.‘.J.2 1 [Blzcllz_'l

S6FFh
2FPh

[Pd(PPh3 )3C1]2[BJ,2CIIZJ

+
2ZE'dCZl2 GPF]"I3 + 32312(:112

Scheme 5 Stabilisation of unusual palladium cationsg using closc—borate aniona
[405].

ab initico MD calculations of the structures and relative energies of
[P Pﬂs)zx'{] (X, Y = H,Cl) show that the frans—iscowmer should be more gtable
than the c¢iz 4in each case, Available experimenmtal data are in good
agregment with the calculated wvalues for bond lengths, bond angles and
vibrational frequencies [407]. Self consistent field xa—sw calculatione for

the related species [Pt P53 )252 1, [P PH3 )2Eme] ' [ 2g 3 PH3 )2Hez] and

[de(l’l!3 )2ne21 correctly predict the relative rates of reductive elimination

from such complexes [408].

3

The lP MME spectrum of solid cis-[Pt( DR3 b) 2‘:12] may be reasolved by magic

angle techniquea, The complexes with R3P = thmzczizsi(ont )3 way be

imnchilised on ailica or glass and relatively well resolwved apactra were stil]

obtained [409,410]. P MMR Bpectra of cis—[Pt(PR.).Cl

4),Cl,], where R.P = (164),

show the effectz of the ligand on chemical shifts and platinum phosphorus

coupling conatants [411].

< X PPhp
3-n

{164; X = 0D or S; n = 0,1 or 2)
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Reaction of [PA( E'Ph:3 ) 4] with trityl fluoroborate yields
[Bd{ EPh a ) 4] [BP 4] 2 ria one of the alternative pathways shown In Scheme 6. A
gimilar regult ig obtained uging [Pa¢ P{(:l!'h}3 )4] and  trityl
hexafluorophosphate, In the presence of other suitable ligands i xed
complexes, including [PA( PPhS)(phen )2][35'4]2, are obtained {412)]. Trityl
cation acts towards tran=—[Pt{¥PPh a b 3f{'::].] ag a hydride abstractor giving PhBCH

(413).

[PA(PFh, )}, ]

{Pd( E‘P‘l‘l3 33] + PPha

[Fh ('.‘]+ +
[Pd(PP‘h3 )3] — [Pd( Pi’ha )3(’.‘?113]

phc]” ot
[Pa( PPhg )3CP]‘l3] _ L [P ?Pha )3(C9h3 )2]

2+ FPhy 2+
[Pa(PPh ) (CPh ), )" ———— [BA(FPh,), )" + 2[Ph.C)

ox

+ + .

[Pd(PPh_),} + [Ph,C] ——— [P&(EPh ), 1 + [Ph C)
Prh

+ + 3 2+ .

(Pa(PPh,) ] + [Ph3C} ——— [P4(PFh,), 1" + [Ph.C]

Scheme & Reactions of [Pd(PPhs)q] with trityl cation [413].

{Pt( PPhs) 2CJ.z] acts as a bifunctional electrephile in a reaction with
2- .
[Pez(p—s)z(m)4] giving [(Fhapjzptsz?ez(m)q-] of unknown structure (4l4].
The ligand HQL (165} also gives displacement of halide from [M({ PPh3)2x2J (M=
Pd or Pt) to give complexea of stocicheiometry [(1\!(1’19}:3I }2 )21'..] [415].

OH

HO~ NN OH

(165}
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X-ray diffraction studies of (166) show that the {Pt2!’2] ring ise
strictly planar. The Pt-P-Pt angle of 103° ie at the top of the reported range
for M-P-M, in agreement with the high field 311? MMR signal for +the bridging

phosphide [416].

. Phy
PN /PHPh,

Pt t
Ph,

(166)

Reaction of the complex (167) with a copper carboxylate gives the
emerald grean paramagnetic species (168), the structure of which was confirmed
crystallographically. (168) reacts with Ag[BF ] to give lime qgreen (169)
[#17].

The golid state strucures of the propancne, ethanonitrile and benzene
Bolvates of trans-{pd( E"i"‘h3 )Z(CEZQI)CIL] show no obvious features capable of

explaining the photochromicity of the compound {418].

5.5.4.10 Other unideniats phosphorus donor Ligands

Reaction of X > [ptCcl . ] with trimethyl phogphite yields
[Pl {P(Olle)zojzﬂ)z]. The bridging hydrogen atoms may be replaced by B?z on
treatment with BF3.Et20, and X-ray diffraction shows that the six membered
chelate ring in (170) adopts a distorted chair conformation [419]. The °lp T,
valuegs in platinum(II} phosphine diphenylphosphinato and dimethylphosphito
complaxes were recorded, The 31P NMR spectrum of (171) is concentration
dependent with a  monomer Adimer equilibrium [420]. Reaction of
[(ns-cp)Pd(ns—(CBZC(lh)Cﬁz})] with !-I:PO(t‘.:tR)2 gives the hydrogen bonded product
{172). IR spectroBcopy implies that the hydrogen bond is symmetrical and the

proton may be replaced by BP2 or thalliuwm [421].
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The atability constants and thermodynamic parameters for palladium
bisg(thiocyanate) cowplexes of phosphines and phoaphites have been measured

[422].

Cl\ /F’Ph2 CuldLRY, C PPy QO

Npt” e
Pt CY
“'[/ \Dphzo a”’ Neen,
@)@L @
(167 (168)
JAgBFz.
PhaR Q_ 0
/Pt\ /Cu\
Ph, P O
(169}
(OMe)2 (OMe)s Ph,
//z() F*\\F)t//,¥3 ///F’—-{)
\O / \P O/ thMQP \D O
(OME’)z (OMe); 1,

{170) (171)
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(172)

5.5.4.11 Bidentate phosaphorus donor Ligands

A range of irans-chelated platinumi II) complexes of thp(CEZ )nmz

6,7,8,9,10,11,12 or 16) have been synthesised, the degree of oligomerisation

(n =

deperding on the length of the carbon backbone ([423). Reaction of the
biphosphines with Kz [PECL 4.] gives cis—complaxes which are isomerised to
trans-analoguas in the prassnce of wesxcesz phosphine. K(Pt(cza 4)(.‘:13] gives
trans-igsomers directly. Monomeric trans-complexes may be obtained only for
nx 7 {424]. pth(cuz)spztm gives a cts—lpolyuaric complex on reaction with
l(z[Pu::J..], but yields a mixture of cis—polymer and a scluble trans-isomer with
[(mCN)thCJ.z]. Zeise's salt also gives the less stable trans—isomer [425]. In
contraat, thP(CI-Iz)SPth reacte with KZ[PtCJ.q_] to give a cis—Cchalated
monomeric complex rather than a macrocyclic product {4261,

Exchange reactions of [PA(dppm)X,] and [PA(dppw)Y,] to give [PA(dppm)XY]
are eanily monitored by >1p or H MMR spectroscopy. Equilibrium is established
within s minutes both for +his reaction and the analogous one of
[sz(dm)zle [427].

The etrained complex [Pt(dppm), 1?* reacts readily with cyanide ion to
give {173), 4in which the strong bonding of the CN  stabilises the monodentate
mode of coordination. (173) may alasc be obtained from treatment of
[mz(a‘}g('ﬂ'—dm}zl with an excesas of dppm [428]. (173) reacts with

[ha( p—-Cl)z(o:))‘}, Hq(:lz and l\g[m3] to give hetaerobimetallic complexss (174),
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/\\

PP PPhy thp/\Pth
| pe
NC—Pt—CN Pt M—X
Ph IP PPh NC }LPh

P
2 ~_ 2 gk ~. :
(173) (174}

Trana-[Pt(CuCR),(n'~dppm), ] reacts similarly with AgINO,]. [Au(PFh,)C1}, BeCl,
and CdCl, [429]. The mevcury complex is also obtained from [PY n°-apgm), JC1,
and bis(alkynyl) mercury compounds [430]. In (175). synthesised by treatment
of trans—[Pt(ClCR)z(nl—dppm)z] with [Rn,(4—C1),(C0),], the rhodium-platimm

bond iz a donor-acceptor interaction. [Ir2(u-C1)2(CBH ¥, ] gives the

1474
corresponding chlarairidium complex, which im able to upderga
oxidative addition of dihydregen. Fac—[W(COQ) 3{ MeCH }3 ] gives

brans—[Pt(Clc:R)z{ u-dppn)zwcm )3] [431].

N
Ph2P R Pphz
| 7
P RA—CO

<

R /Phgp\\/PPhZ
(175)

Mdition of phoasphine ligands to [Ptzﬂs(;t*dppm}zl[Pst induces reductive
elimination of molecular hydrogen, Deuterium labelling suggests that the rate
controlling step is addition of the ligand, with bridge aplitting, ¢to give
(176) [432]. The A-frame complex [HePt(u—H)(n—dppm)thHeJ+ iz prepared by
reduction of [}sethz(_u—dpgn)z][P?sl or [Hezpl:(;.e——Cl)(u—dppm)z}[PFs}, and 1is

atable in the 8clid state. XY-ray diffraction shows that there is a weak
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interaction between the metal atoms [433],
[Pd(lieﬂrcazcﬂszle) ]c:1 , formed by treatment of Kz[NC]'q.] with the
phopphine, reactse with pentane—2,4-dione to give and RSRS forms of (177}

[434].

| 1| M HO
ot Pt
HO| W7 HO

Ph,P. PPh,
2 \\‘au/’/
(176) (177}

The curious ligand n3—93 forme a periea of conplexes {I’.Hl( 1'.3—93 )Hzl'..]m
with Hl and Kz being Co, Ni, Eh, Ir or Pd. na—Ps behaves as a Imr-donor and L

was CHSC( C:szrhz)a or N(Cﬂzm'hz)a. 94, an intact +tetrahedron of phosphorua
atoms, may be o-bonded to palladium [435].

when the synthesis of K‘[Ptz(pop)*] ie carried out at 170 *C rather than
100 °C, the reaction proceeds further to give a green compound, which reverta
to Rq[l'tz(pop)‘!] on gtanding in solution. Spectroscopic studies suggest a Pt“
complex of [HOP(O )OP(O OB(O JOB(O 0HIY or. more likely, a Pt complex of
(FOP(0 )oP(0 ™ )op(0 yom)>” [436].

Polydentate phoBphine ligand complexes of nickel, paliadium and platinum

have been invemtigated [437].

5.5.4.12 Btdentate phosphorus-carbon donor ligands

Further detaile of the metallation of (Me 3C ) 3P are reported, +this year
using [(PhCH )deClzj, to give only the binuclear complex (178). Although the
coordination about palladium is roughly square—planar, the four-nmembered ting

is considerably puckered with a P-Pd—C angle of 70°¢ [438].
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AKX N
P /Cl
X

{178)

Reaction of [pt(cmea )2612] with {KQ3C}ZP(CH2 )SP(c.ue3)2 gives the
metallated complex (179) +together with an unidentified species. Cl may be
substituted by ©0, MeNC or Meacﬁc in the presence of Na[BPhqj. X-ray
diffraction showed@ +the unidentified compound to be {180), with a discrdered
double bond, It may be deduced that it is formed directly =ince
dehydrogenation of (179) is difficult {839]. The  behaviour of
(Me C) PCH_CH(Me X CH, ) P(CHe ), differs when reacted with labile palladium{II)
and platinum{II) complexeg. [{PhiN }2Pd612} gives the analogue of (179} with
the methyl group in a pseudceguatorial positicn, whilst (( Phai)zptclz} gives a
complex mixture of sixteer—membered ring chelates, srans—{Ptszcl 4]' T™his

mixture may be converted into the analogue of (173} by treatment with +tfaH

followed by lithium chloride {440].

P{CMey) .
‘ Fl’(CMea)z
H———y— Pt ——Cl Pt—X
|
BICM
PCMey), (CMes),

(179) (180}
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5.5.4,13 Arsenic donor ligands
In contrast to (HESC)SP, (Haac)aas is not readily metallated and reacts
with KZ[PbCJ.*] to give tram:—[ﬂth(hB(aha}a}z]. Several reactions of this

complex aAre reported {Scheme 7) [441].

ﬁrans-[ﬂ?t(moﬂ){u(mea )3}2][1’!'6]

Ag[Pl"s] . MeOH

0, MX
trans—[HPt(CO){As(ée_ )}, ]X + (APt (AS(CHO, ), },X]
HCl
(Me_C). A8 I I HI
373 >pt/ >Pt/ ¢ trans—(H,Pt(As(CHe, ) ] ]
b SIS | \u(ma)z

o)

[P, (00) (As(CHe ), ], ]

Scheme 7 Reactions of trans—[ﬂzpt{ls(m3)3}2] {a41].

Some unuaual coordination geometries are obtained with the ligande
1,2-bis(diphenylarainc)benzene and 1,2-bis(di-4-methlphenylarsino}benzene. The
species [Ptm:z] and [!'1::.2111{z have conventional square-planar coordinmation but
{PtL (OH_),1[C10,], adopts distorted octahedral geometry ard [PLL,X](€10,] (X
= I or Br) are five coordinate [442]. A number of complexes of l-arylarsolanes
have been reported and characterised; those of stoicheiometry [Ptl‘..zcl 2] are
Probably cis., Again some unusual coordination medes are postulated. [PtL33r2]
is five coordinate and satructures (181a) or (181b) are postulated for

[sz{l—( 4—methylphenyl )arsolnns)scl 4‘]. Thiocyanate counterione are Sbonded in

c1 L
c1 L | |
L-Pa—C1-PA—C1
e el {
Cl L

{198l1la) (181b)
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most cages but in [Pt {1-{ 2-methylphenyl )a.rsolane}z(STN)(ms)] one is
N-bonded, and in [{Pd(1—{2—mthy1pheny1}arsola.ne)(SCN)}Z] both S-bonded and

bridging coordination are indicated by the IR spectrum [443].

5.5.4.14 Antimony donor Ligands
The structure of [Pd( ns—cp)(SbPh3 }2][!’1’6] has been determined by X-ray
diffraction and the gynthesis of a wide range of analogous complexes of

rhogphines and arsines was reported [444].
5.5.5 Compleres of Group IV donor Ligands

Many of the complexes of Group IV donor ligands are "organometallic
complexes™ and are thus excluded from this review. The organometallic
chemistry of nickel, palladium and platinum, reported in 1979, has been

reviewed [445].

§.5.5.1 Carbonyl complarss

Trans—[Pt(mjzclz] may be synthesised from platimm atoms and oxalyl
chleride [446]. Catalytic synthesis of phosgene from chlorine and carbon
monoxide occurs in the presence of (pt(co)cla]_ and [m(m)c13]_- In a etudy
of the reaction mechanism it was shown that whilst cts—[Pt(m)ZClz] does not
react with chlorine, {Pt{CO )Cl:;}_ reacts in thionyl chloride +to give
[Pt( CO)ClBJ_. The corresponding paliadium complex is unreactive since the +4
oxidation state is somewhat less accessible [447]). CLs—-{Pt{CO)}{ PHeth )Clzj
reacts with bis(alkynyl ) mercury compunds to give (182) via an oxidative

addition, reductive elimination sequence {448].

MeFh C=eC-R

2P\Pt/
oc”  Sc1

(182)
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$.5.5.2 Cyanide complexess

A detailed study of the UV spectrum of Kz[Pt(C:N)‘] and Ba.[Pt(CN)“]
allows a more definitive set of excited atate apsignments than has prewviausly
been possible. Concentration dependent guenching and lifetime studies of the
room temperature emission allow a distinction between fluorescence and
phozgphorescence, and a probable ass{ignment of the oligomers responsible
{449,450]. The phosphorescence of ({Pt(m}4]2-}n is quenched by dioxygen and
N02, and by some reducible species. Triplet state oligomers undergo excitation
enexrgy tranefer if the acceptor has a triplet excited state below 2 Vv in
enerqy [451]. Polarised emission waeasurements on single crystals of
sz[Pt(CN) 4}3.18320 a@xhibit a radiationless energy tranefer from the lowest
excited state of the linear [pt(cu)4]2' stacks to the Sw°' cations [452]. The
Elc polarised emiggion of HI[Pt{CH) 4]y.H20 is profoundly affected by wmagnetic
fields, being blue shifted by 270 cm_l between zero and six Tesla. This is
explained within the D-l-h symmetry of a single [P‘I:(CH)‘I]Z* group, assuming that
the lowest emitting state is A'lu {453]. The E.-lc abesorption spectrum varies
considerably with temperature Dboth in frequency and in intensity [454]. The
influence of elactron-hole and electron-phonon interaction on the lowest
excited states of [Pt(CN)4]2_ has been estimated [455].

Reaction of le[Pt(d!) 4] with thallium(l)} c¢arbonate yields a green
lustrous compound of formula 'I'lQ[Pt(Cﬂ)*][c:Da} which is definitely not a
partially oxidised tetracyanocplatinate salt. A neutron diffraction atudy shows
that the platinum atoms in the linear chain are 3.245 i.\ apart, conaiderably
further than the 2.8-2.96 A typical of oxidised aalts [486]. Yz[Pt(CN)4]3
undergoes a pressure induced phase change in the course of which the
interplatinum distance decreases [457].

15!1 chemical shifta and 1JCN coupling constants were measured f£for the
ions [pt(c:n)q]z" and [pd(:m).‘]z_. 1Ja‘ is larger in the complexes than for the
free cyanide ion [458]. DTA of diphenyliodonium palladium and platinum

tetracyanoplatinates{ L[1) ghow  that decowpogition yields iodehenzene,



318

benzonitrile, phenyl isocyanide and cyancgen [459].

Thermolysis of tm-[c:!(onz M 1,3—pn)2][u(cu)4] (M = HNi, Pd or Pt)
vields {(1,3-pn )2PCr(p—CH)H(CN)3]. The platinum complex iz somewhat different
from the other two analogues with a platimm-platinum interaction both in the

aolid state and in solution [460,461].

5.5.5.3 [sonitrile compleres
Two Papexs report the crystal structure of cis—{PA( Cllcych)zclz].
prepared from Pi!(.'.l2 and cychNC. One isonitrile occupies an axial aite on the
cyclohexane ring whilst the other is equatorial [462,463].
The carbon—nitrogen bond of isonitriles is susceptible to attack by

nugleophiles and this was used in the rather curious conversions of Scheme B

[464).
CaN-Me
/ .
24+ + H
[cp,W(SH),] + [(dppe)pa(Cat-se), ] —— (dppe)Pd )
\T—S—Wsn)cpz —MaNC
NMe
s S. + H
TN N
oM SPaappe) —— [P(appe)) + op W e

l

NHMe
Scheme 8 Reactions of isonitrxile complexes with nucleophiles [464].

Both cts— and trans—[Ar,Pd(CMMe),] (Ar = G H_) give (183) on treatment

with Pdclz. Thermolysis involves aryl ransfer and yields a bridged polywer
{reaction (13)) which may be converted to a wonomer wsing a variety of
liganda, L. The structure of the cowplex for L = tht was esgtablished by X-ray
diffraction [465]. The complex trana—[Pd(nl——dppm)Z(Heacm )23:"+ may be

syntheaised by the routes shown in reaction (14) [466].
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Ar
C N
/C ( Neal’ \Pdi)
W \C\pd\ — \N-— \/
Me Ar
(183)
A
A{C }Vle
L\‘Pd/ =N\ l (13)
Ci/ \N-_- 4 \L

[(PhCH) PACL ] + He_CNC ——-—>t(u93a|c)‘pd]z"'

dppa\ Na{BFh)

3
2+
[Ph,PCH_PPh,—PA—PPh CH P¥h, ]

NCCHe,
1) Me,CNC
2} aprm

{Pd( dppm )clz}

3) Fa[8Ph,] {14)

5.5.5 4 Silicon donor ligands
Cts—[Pt(PPh3)2(sm3)(E)] undergoes a temperature dJdependent Jdynamic

process in which the twe phosphorus atome become equivalent, Retention of
1 1
tht! and thp rules out B-Pt or P-Pt bond cleavage. Pham. R3siﬂ and golvent

nhave no effect on the rate, implying that association followed by
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paseudorctation is not invelved. The authors were forced Lo conclude that a

direct geometry change ocurred [467].

5.5.5.5 Tin Jdonor ligands

Although the axial and eéquatorial bonds in the trigomal bipyramidal
anion [Pt(SnClajs]a— are not equivalent (despite earlier reports) the
structure is less distorted than that of [pt(c:ec13)5]3'. In contrast to
[Pt(P{OHe}B)S}, the anion is non rigid on the NMR time 2cale, even at 183 K,
with exchange of awial and equatorial sites by Berry pseudorotation [468].
Single crystal X-—ray diffraction studiea of [HeE'h3P]2 eLs—[PE( SnC13 )ZClz] and

[(PhCHZ)PhaP]ZfPt(SnCl ).,C1_ 1) show a Pt-Sn bond significantly shorter than

3’2 2

that in [Pt(SnCl,)_]° . This is consistent with the much larger “J('  Pt' sn)

meagured for this complex, and implies that Pt-5n w-bonding is more important
in four-coordinate than five-coordinate complexes [469].

The reaction between tetrakis phosphine and phosphite platinum{0)
complexes and RBSnH i= rather complex. Phosphine complexes vield
[Hzpt(SnRB)z(PR3)2] by a double oxidative addition, but [Pt{P{OAr}a}i] gives
trans-[Pt( SnRB)Z(P{Oaz}B)Z], presumably by reductive elimination of I‘I2 from
the leas stable platinum(IV) species. With bipy as the cther ligand, the
platinum( IV) complexes, (184), show no tendency to lose hydrogen (reaction
{15)). Treatment of [Heth{bipyj]. however, gives [HPtm{biPy)(SnRa )2] by the

mechanism of reaction (16) [470].

/H
[Pt(CO), (bipy)]) + R,SnA :«(hipy)?t\ (15)
H
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SI'I.I'\‘.3
R, SnH ] B -CH SnR
(e Pt(bipy)) —> 5 (bipyIBt?  ———% 5 (bipy)et
e Ma
Me
RBSI'IH
2nR
| 2
{bipy )Pt
\m
EnR (16)

5.5.6 Bydride compleares

Treatment of [PI:(PRS) (C_H_)] with molecular hydrogen gives [Hth( PRJ )2]

22 4

and ethene with no trace of ethane detected. Cis- and trans—isomers of the
product equilibrate in solution with the proportion of cis-isomer increasing
in polar solvents. w=Acceptors including €O, Czﬂ . and Czl" % digplace dihwydrogen
to give [li'l:('lﬂ'li3 )2I'n] (n =1 or 2). Reaction of the triethylphoaphine complex

with methyl iodide gives wmethane {reaction (17)) presumably wvia oxidative

trans—[H Pt(PEt,),) + MeI-— trans—[HPL(PEL ) I] + CH (17)

4

addition and reductive elimination [471]. The same complex reacts reversibly
with coz in toluene {reaction (12)), the equilibrium constant being about
2 atm © at 256 °C. In more polar solvents such as propanone or ethanonitrile
the charge separated species ip stabilised (reaction (19}) but the process way

8till be reversed by hydrogen pressure [472].

toluene

—_—

trans—[B,Pt(PEL,),] + CO, trans—{HPL(OCHO )( PEL ), ] {198)
+
Mo
o Ne_CO H PEL

2° 2 / \ - 3 -

trans—[H_PY(PEt_)_ ] — BE-Pt Pt BCOC {19)
2 372 Hz | \\\3/ \ma

PEtS
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Reaction of trans—[RPL{MeOHX PEta }2]+ {R = H or Ph}) with [Hslr( PEt3 )2]
yields (185) the stucture of which was determined by X-ray diffraction. In
solution isomerisation gives {(186). For the analegous complex (187) different
solution behaviour is obdServed with exchange of terminal and bridging hydrides

viag a bridge splitting process [473}F.

PEE, pEE, PEE,
R\Pt/n\lir/n R\pt/ﬁ\lr' I Iat\‘pt/ﬁ\lr/ﬂ
Ee p” Su7| e, et " u’| e’ u | est,

vEe PEE PCHMe,
(185) (186} {187}

5.6 PALLADIOM(I) AND PLATINUM(I)

{sz(u-dpm)zxz) inserts a variety of small molecules (reaction (20)3},
some of the procesges being reversible; XPES implies that there is little
change in oxidation state on adduct formation [474}. A new synthesis of (188}
(X = Cl) from [PA(PPR )] [(Phow) PAcl,] and dppu is reported, Osing
[{liegccn } 2Ptc12] gives the mixed palladiwnplatinum complex, which 1is wvery

atable towards disproportionation [475].

N
Pr,P PPh, P PPh,

]
X—Pd——Pd—X + A X“Ftd Ld/x
o |
PhaP __PPh, PhoP__PPhy
{188) (189; & = CO, RNC, S, SO,, RCmCR’ or PhN2+}

The first crystal structure of a complex c<ontaining monodentate dppm is
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provided by a study on {190), which may be regarded ap a protonated form of
[ptz{p—dppn)aj. The covalent platinum—platinum o-bond is dquite long [476].
Diagomethane reacts with (191) (L = CO or liezphp} to insert Cﬂz into the

metal metal bond [477]. Kk careful study of the previouely reported redyctiva

/\\
th l FPPho Ph; P/\Pphz &
H—Pt—— t—-——PthCHzPth H—Fl’t— Pt —L
th JD Pphz th P\/Pphz
(190) (191)

elimination of molecular hydrogen from fﬂ_th( E~B ¥ u—3ppm )2 ]+ by photolysis in
the presence of various ligands has established its strictly intramolecular
nature, Whilst the precise mechaniam is atill uncertain, the reaction probably
occurs from the first singlet excited state [478].

Thermolysia of {MePt{dppe)(OH)] givea a ocomplex of stoicheiometry
[Ptz(dppe)zl. X-ray diffraction studies of (192) shows that the only
diastereomer formed is that with all four phenyl groups on the same side of
the average coordination plane {479].

A palladiun I} dimer was an accidental product of the reactiorn between
(Ru(PPh,py),(CO),] and [(cod)PACl,]. The ccmplex, which is formed in 38%
yield, probably haz the head-to-tail structure (193). Two ninor producte of
the reaction could be prepared in betiter yield from [Ru( Pthpy)z(CO)zclzj and
[sz(dba)al. They are stereoisomers and interconvert in solution. Ia the solid
state the structure of one isomer was establighed +to be (194) with both

palladium and ruthenium in oxidation state +1 [480].
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Ph
%/@ thrr/(r?

Ph,P ——~Pt—-—-T‘f —PPhy Cl —T’d *Td —
P N PPh,
@w g
(192) (193)
| e |
Cl—Pd ——0 ()
] 0
Ph,P Q
{194)

5.7 PALLADIUM(O) AND PLATINUM(O)

5.7.1 Compleres with Group V! donor ligands

[Pt(PPh3)2(P’hND)] forms 1:1 adducts with C‘.‘Oz, CS‘Z' CZH‘l and

ueozcc-ccozue. The crystal structure of the 002 adduyct (195) shows that this

is the first example of the ingertion of -::l:)2 intc a metal nitrogen bond [491].
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mimed a2’ bimetallic ocompounds are formed when [pa(cacwe,,), ) is

treated with [Mo(SCMe,),]. In [(Me, 0N ) Ho{ u-5CHie ), PA(CNCHe,, )] the metals aze
bridged by two sma groupe [482],

The reactions of COZ, r:sz ard COF with platinum{II}) and platinum{Q)
complexes have been studied by aeveral groups. Photolysis of I'dcl2 in the
presence of COS and Phax (X =P or As) provides an alternative synthesia of
[(Phax)zpd(nz—cos)], which is alsoc formed in the therwal reaction [483]. The
same type of complex is formed by treating [Pt(PPh3)3] with a limited amount
of C0S at low temperatures. The platinum complex ia more stable than palladium
analogues but still decomposes at »-20°C in solution {reaction (21)). This is
somewhat at variance with the previous report of the isclation of
[{PhsP }ZPd(OOS)] at room temperature [484]. Carbon disulphide complewes,

[L,Ba(n’—CS,)], are formed from [pd(dna),), L ana s, [485].

o
Z
Ph_P c Ph_P s BPh Ph_P
o
¥ py _ 3 >Pt/ \'pt-./ I 53 \\pt/s\c-o
e’ s rhp ~~co Phap/ g

(21)

Lagt year it was reported that {(PhaP)zpt{nz—(E‘hs)zC!S-D}] urndargoss
oxidative addition to give [(Ph_P) PL(SPh){C(SPh)=5=0}]. By contrast,
[PA(PPh,),] xeacts with (4-methylphenyl-S),C=S=0 to give am nZ-coordinated
sulphine complex (196). This decompoBes 3lowly in eolution but does not
underge C—$ oxidative addition. Similarly E~{4methylphenyl-S)C(Cl)=S=0 gives
an nz—C—S palladium( 0} complex, with only a small amcunt of oxidative addition

product, whereas the platinum analogue undergoegs wery rapid oxidative addition

[486].
PhaP  PPhy
N/
ArS Ft:I\
)
S (19

ArS \\‘O
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£,7.2 Complexes with Group ¥ donor ligands

Studiee of the react:‘.o_ns of palladiun(0) and platinum{9) phosphine
complexes have been largely theoretical. An ab initico  treatment of
[Pt(‘z"ﬂ3 )2]/ﬂ2 suggests that the activation energy for the forward reaction is
71 k7 mol !, Dihydride formation is exothermic by 29 kJ wol }, implying a
barrier of 100 kJ wol © to reductive elimination [487]. The SCP—MO—LGCAO method
within the valence CNDO approximation was ugsed in studying [i'«:‘.l(l.:'ﬁ3 )n] {n =1,
2 or 3) [#88]. Other studies suggest that a bridging hydrogen complex such as
{197 ) might e particulariy stable [489].

B
Rap—N\a /Pti—i'l!3

(197)

A new synthesis of [Pt(PR3 )2(6254)] is reported and its transformations
were extensively gstudied (Schewe 9). The wmoptk uynusual of these involves
decomposition of the (n'-CH,0) complex, postulated to occur via a hydride
transfer {4901,

[(CGCJ‘S )nu(PPh3}] reacts with [PE( P9h3 3l te yvield (198). X-ray
diffraction showed that +this dees not contain a platinum—geld bond. The
attachment of an {Au( pphs)} group activates the carbon-chlorine bond towards
oxidative addition [4917, The mechanism of carbon—carbon bond@ cleavage in

reaction {22) invites speculation [492].

Ph Ph Ph PR
N O | 5
Pt——(7
e * [PtPPR)— S | O

Ph  Ph Ph  Ph®
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RBP—I”‘&—?RB [(RBP)thCJ.z] + CZE&
Cﬂzl
Cﬂzlz i 043
/sz chO Q0
(RpPIE |7 — L(RP), PE(C,B, )] ———— [(RyP),PE(CO), )

(cE,0), co
ca
e B _ca,
(R.P) € {(R_P) P
3P PN 08 RyF), \‘L
#Cl1
(R,P),Ptcl,
H g
/csxz
(Rap)zyt\o ——acnsr)zvt\ﬁ P! a\ﬁ JPE(RR,), >
o od
B
_H
(RP) 2Pt\c+ CA_-PL(PR, ) ,—— (R P),Pt~C-O—CH,~PL(PR, ),

I\ ’

((RJP),PE (CO),]

Scheme 9 Transformationg of [(RSP)th(CZB4)] [4907.
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(198}

Heither palladium{0) nor platinum{ 0} bis(tricyclohexylphosphine )
complexes react with pure coz. Howewer, in the presence of a trace of water
reaction (23} occurs, prasumably by e::o2 attack on [Emt(OH)(p{cych}B)zj, formed

by oxidative addition of watexr [493].

P(oych),

[Pt(Picych) ),] + €O, — H~Pt—0,COH (23}

B(cych),

The preparation and reactions of complexes of the unusual ligand
ne3c:(ueasi)m3 have been reviewed, [PtL3] is prepared from [Pt(cod)z],
and molecules of L may be displaced by additicn of Ph 3I’. In [PtL3} a dynamic
process observed inh the HNMR spectrum at room temperature invelvesa the
1.3-2hift of the trimethylsilyl group. Ligand replacement is much easier than

in anajogous Phgp complexas (reactions (24) and (25)) [494].

L s NeMe
[PD ] - )Pt/ \pfff 3 (24)
Me_C(Me_Si)NP=NCHe L 57 TNR(siMe_ oMe
3 3 3
5
NCMe
Ph_P /p< 3
[PEL(PPh_ ), ] ; P \] N(SiMe, JHe, (25)
Mo _C(Me, Si)ND=NCHe Ph P 3

I

5
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Another ligand with an sp° phosphorus lone pair im (mesityl)P=cPh,,
which reacts with [I‘l—.(l='l'-‘l'1:_l )2( CZH 4)] to displace ethene and vyield the
mixed-ligand complex. In the =olid state X-ray diffraction indicates
n'—coordination, but in solution the - P MR implies a dynamic process
invelving n -binding [495].

Reaction of Liz[PhP-PPh] with ci.s—[w..zclzl (]:.2 - (IE'Ph3 )2 or dppe; M = Pd
or Pt} yields [M{PhP=PPh )sz. With this ligand X-ray diffraction shows
-r;z—coo:d.lnation and 1J:Ppt for the diphosphena 18 only 280 Hz, compared with
the 3000-4000 Hz typical for platimm(0) complexes of triaryl phosphines
[496).

¥-ray crystallography was also umed to show that [Ptz( p—3ppm )3] has a
manxXane atructure, with trigonal planar coordination of platinumn and
approximately (:3]_l aymoetry; the platinum—platinum Jdistance is outside the
range of Pt{0)-Pt{0) bonding interactions [497].

Finally it is reported that electroreduction of [(dppe JBACL ] in the

presence of an excess of dppe yields [Pd(dppe)zl [498].
£.7.3 Complexas of Group IV donor Ltgauds

The sase of displacement of ethene from [Pt:(r']!3 )2(621-!4)] has been used

in the saynthesias of bridged bimetallic cospounds (reaction (26}). The

5
n-ep S PRy

{26)
oc” oo \933

13
[M{CO) (CSXn —cp)] + [Pt{PRB)z(CZH“)]——p

(199; M = Mn, PR, = PPh¥e,)
(200; M = Mn, PR, = PPh,Me)

(201; M = Re, PRS b sz)

structure of (199) was determined by X-ray diffraction; the €S is bridging but
the OO iz semi-bridging, and the dJdynamic process observed in solution ia

interpreted in terms of site exchange of CO. Reaction of (199) with
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[Heao][BP‘}] vields (202), the first example cof a hetercnuclear bimetallic

complex with a bridging thiccarbyne ligand [499].

n——Pt\
oc” | PR,
CO

(z202)

Reaction of [Pt(PPhsjz(CzH4)] or {Pt(PPha)4] with [Sn(acac)2] Yields
yellow orange crystals formulated as [Pt(PPha)z(Sn{acac}z)z] The value of
1

thp confirms that this is a tetrahedral platinum(0) complex. Heating in

toluene or treatmeant of [PE( PPha )2(CZH4)] with an excess of {Sn{ acac)zl yields
the cluster [Pt,‘?(P‘:t-'h3 )Z{p—Sn{a.cac}z )3] (203). X-ray diffraction reveals very
high molecunlar symmetry, with the platinum atoms within bonding distance
{r{Ft-Pt) = 2.593 R}. The bonding in the complex involves interaction between
three orbitals on platinum with one orbital from each tin. Platinum{0) retainsz

its a'® configuration and the tin(Il} atoms each contribute two electrons to

£ill the three delocalised bonding molecular orbitals [500].

(203)
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5.8 PALLADIUM AND PLATINUM CLISTERS
5.8.1 Trimeris clustars

Fhotolyeie of [Pt{PPha )2(C204)] undar a dihydrogen atmosphere followed
by precipitation with Nn[m"], given [‘1:"1:3(E'E'h3 )3( w—Pth }2( "‘“’“)][“4]' The
presance of the bridgihg hydride was established spectroscopically, and the
rest of the structure determined by X-ray diffraction [501]. The CO bridges in
clusters of various nuclearities including {Pt 3( p—Co) 3( QPhB ) 4] .
[Pt4( u—m)s(mzllh)*] and [Pts(u——m)s(m)(vpha )‘] may be readily replaced by
302; 0 and Soz are comparable as bridges. The {Pts] cluster gives
[Pt (u=CO),( #=S0,}.(CO)(FPR,), 1. the etructure of which was determined
crystallographically {(502].

Formation and isolation of [HnPtg(dppe )3]+ by treatment of  the
[Pt(dppe }( 3,5-dimethylpyrazole)]>’ dication with K[BH ,) relies on the leaving
group ability of the pyrazole. The same conplgx is also formed by K[BB“]
treatment of [{dppe)Pt(u—OH)zpt(dppe)]2+ or [H Pt (dppe) IB(Ph,]. la o
spectroscopy suggeats that the hydrides are mobile; n is probably 5, giving a
formal oxidation state of +2 to platinum [503].

Pelynuclear complexes of palladium with phosphine modified ailica were
studied by XPES. As the number of palladium atoms 1in the clusters @—Pdnxz
increasea from 1 to 10 the palladium oxidation atate ia reduced [504].

[Pts(u-cojg(mts )4] deposited on alumina is a hydrocracking catalyst [505].
5.8.2 Tatrameric clustars

The two tetrameric clusters reported this year both have +the butterfly
or open tetrahedron structure. Reaction of P3{OAc) 2 with €0 and RaP in the
presence of NaDAC/BOAC gives [qu(oo)s(l'ﬂ] )4]. in contrast to the reaction

without excess ethancate which yields [Pd, (C0) ,(PR.) ] [50§]. Yet another
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report on this reaction, +this time conducted in tfaH/propanone yielda
[Pdlzuao)ls(PRS}?], [Pdlztco)l7(983)5] and the higher nuclearity gpecies,
[Pdls(co)lg(PRS)s] and [pdls‘crnlg(pRBJB]’ the proportions depending on the
Pd:P ratics. The structures of the clusters are not apecified but all show
both terminal and bridging (o 4] gstretching frequencies [507].
[ﬂzrtz(u—ﬁ)(psdppm)zj[PFs] is a precursor of a very active catalyst for the
water gae shift reaction. The carbonyl hydride (204) ia formed on treatment
with CO and undergoes facile oxidative dimerisation to (205}, the Dbutterfly

astructure of which was established crystallographically [508].

Ph; F>/\\PF>h2
.

H~Pt——Pt—CO

PhR___PPN2

{204)

(205)

5.8.3 Higher nuclearity clusters

HBydrogenation of alkenes in the presence of Pd(OAc)z or
[Pd(PPha)(OJ\c)z]2 and their derxivatives is ineffective if diexygen is

rigorously excluded. The effect of the dioxygen is in generating the "true
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active gpecies” which is normally a {Pds} cluster of unspecified sastructure.

one of the rather imaginative pathways propeosed is shown in reaction (27)

[509,510].
HZ 02
PA(OAC), + phen~————F———) [ (Pdg(phen),(OA)} ] ’
EZ
(Pa, (phen) (0,3, 1(0AC], —————; [ (P (phen),(0AC)} ] (27)

Bydrogenation of aldehydes, ketones, alkenes and nitriles in the
presence of [Bu4N]2[ {Ptz( o )6]101 was stulied by IR spectroscopy. Reduction of
the cluster yields, through saveral atagea, | {Pta( o) 6] 3 ]2-, which

subsgequently adds molecular hydrogen {511].
5.8.4 Heteronuclear clusters

Interest in palladium and platinum containing heteronuclear clusters has
increased considerably this year, with structural studies still dowminating the
published reports. In particular, the range of platimum containing boranee and
carboranes has been congiderably extended. Reaction of cts—[pt(mzm)zc1z]
with &-Me_S~7-MeO—grachno—B H _ yields the expected arachno—platinanonaborane

2 912
[(mzphp)zptasﬂllml' together with a small amount of [(Hezv‘nm?t )ZBQH]_‘]. The
latter compound, characterised by X-ray diffraction, consists of four-vertex
and eight-vertex subclusters {Ptznz} and [Ptzl!s} joined at the Pt-Pt bond, and
can be regarded as an fso-arachno—diplatinadecaborane {512]. More unexpected
producte were isolated from the reaction of [P( Plhzrh ) 2C.12] with +the
4
. As wall as [(uezm:ﬂz?t—n -—anﬂ—ﬂmﬂzol,
twoe further products were formed. One of these is a novel u.ﬂl.nz—uomax in

deprotonated anti-isomer of B:Lsﬂzz
which {Pt(PHezPh )2] bridges two edge linked {Blo}—clusters, and the cother a
more compact green compound. By X-ray diffraction the latter, of formula
facial
[(Hezphp ’qptzslaﬁzs]' wags ghowr: +to poossees the novel confaci

con functo-borane unit, {B:I.GHJ.G}‘ ‘n‘—bonded to one [Pt(nbzph)z} unit and
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114:!12— to the other., Use of syn—[Blsﬂzz] vields a  third isomer of

[(mzl’hl’ )2%3135201 [613]. The first example of a contiguous smevaenteaen—vertex
cluster sgpecies i formed Dby reaction (28). The product involves a nldo
eight-vertex [BtB?} subunit and a ntda—{PtBlo} cluster conjoined with a Pt-B

vector as the common edge [514].

A

Aracﬁm—[(mzm)zpﬁsﬂlz]—' ['?—(Hezph!'){'?—PtB -9'—-(9‘!492911)}] (28}

1GBIB

Carboranes are also reactive, vielding carbaplatinaboranes ;
reaction (29) involves the double insertion of a platinum nucleophile

into & closc—carhorang [515]. Nido—[s,s—(rhap}zptmeﬂlzj, formed from

B

[Ptzfu-cod)(l'!ta)‘] + closo—[2,4Me _—-2,4-C B H_]

Z 255
[#,4-(Bt P) —1,7-Me -1,4,7-CPLCB.H_] +

[1.1,6,6, —(Etal’)é-&, 5-—!&2—1,4,5,6—91:('.‘ PtBSHS] {29)

2

arachno-[é—csa!:l‘] and [P+ l’!'h:_1 >4] undergoes insartion of boron into a CH bond
to yield (206) [516]. Potentially etill more complex are the reactions of

metallocaxboranes. Insertion of {Pt(l'zta )2} into [EZFe(z,a—He -2,3-C_.B H )2_]

2 274 2
yields (207). This is an area capable of considerable development in future
yoars; few mechanismg are dJdefined with any certainty and there are few
asystematic guidelines for predicting the ocutcome of apecific reactions [517].
Bridged bimetallic W-Pt complexes have again provided the source for a
wide range of new bimetaliic and trimetallic compounds. Carbonylation of {(208)
gives a mixture, the composition of which depends on PR:-) {reaction (30)). When
RSP = thlleP, only the trinucleay complex is produced but all three products
are formed with 1-5939. (210) has a butterfly structure in the solid state and

ie related by +the isolebal analogy +to [L4P1:2(p—Rc-CR)] [518].
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€206)

Fe

1/
\

TSPEt,

{207}

Reaction of (208) with [Pez(OO)g] gave a mixture of the three related

clusters [FePtu! HB—C&}: Hp—coyoo )5( PR3 }21:'29] +  [FePtw{ 1&3—0'&! X (\':O)G(PR3 Jepl and

[PePtW(u ~CAr )(CO) (PR },6P]. The longest recorded Pt—W distance {2.883 A) was
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detamined in {FaPtwW( u3~Cl\r)(CD)5(PHem12 )ch] (212) [519]. The bridging
carbene complex {213) reacta with c—donors (FPMe i dppe )} to replace cod, but
with nm-acceptorz such as 0 or HeBCNC, metal-metal fisgion cccurg and the
products isclated are sterecisomers of [Pta{p-C(olle)Ar}sLa] {reaction (31)).

For L = (0 the isomers are separable and the non—-symmetric compound was

gtuwdied by X-ray diffraction [520].

PR cO CO
Cp\ 3 Co Cp\\w/ .. t< .
Ar
(208) (209}
(|:p
OC /W= CO0 PR,

OC—Ft—%Pt—PRg + cp—w—W-—-C\ﬁ
PR, cO N\

(20}

(210) 1)

(212}
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o0 _-oMe
(0C) W ——Pt(cod) —— W(CO), + (OC)Pt=C ———— trimer (31)
\\u
MeO Ar
{213)

[PL(PPHC1).ClL ) reacks with Ha[wn(CD).] to give a range of products
{reaction (32)). X-ray <rystallography of (215}, (216} and {217) shows that

platinum is pentacoordinate in An approximately eguare-pyramidal environment

(s21].
co
Php. _®eh,
[Pt(PPh,C1),Cl,] ¢ Na[Mn(CO) ] — (OC) Mn-Pt-¥n(CO), + | e
(0C) Mo | THncoo),
co co
(214) (215)
Ph, wh,
, ng“‘pt/P\“nn(co)‘ . E'th\\pt/1:\\!’tinn(¢¢;nqr )
(ocy My | Sp (oc) M  p PPh
2 a 2
|
H
(216) (217)

The lability of ethene in [Pt(BPh,}C B, ),) i# utilised in its reaction
with [Pea( R—H{ u—CoMe )(CO)lO] to give the distorted tetrahedral
[Fasm-.( 3.|.3—B ¥ ;1.3—0059 )(CO)lo( 99h3)]. In this clustexr COMe Dbridges {?eg} and
hydride bridges the {Feth] face [523]. A platinum ingertion alsc oCcurs when
[Rz?t{dppe)] {R = Ph or Ma) reacts with {os l‘El‘i((.‘l.'.)) 12] to give
[Os*ﬁz(m)]_z?t(dppe)]. e gtructure of the product ie not known [522].

The <zTequirement for an open c<luster Eramewocrk in catalysis was
highlighted in a comparison of polymer—supported {Cozptz(m)B] and
[Hzpt:oss(oo)m]. The former hag an open butterfly structure and is active for
ethene reduction at 1 atm/<190 °C, but the closed {Ptos?'} tetrahedron is quite

inactive {524].
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Ethene is wmore readily displaced from platinue(¢) than ¢cod a3 shown in
the <reactiong (23} and {(34) with [?hz(pum)z(ﬂs—csms }2]. The structure of
(218) {Figure 1) shows Dz a Bymmetry as predicted by dJdegensrate perturbation

theory, the rthodium atoms forming a pseudotetzahedrzon [525]. Reaction with

5
[PERN (4—C0) (n ~Cghe, ), ) (33)

(210)

[PE(C,H, )]
5
[Rh,(4-CO),(n ~C M),
3 5

[PERN (47 ~C0)_(cod)(n C Me, ), ] (34)

(219)

Figure L Crystal atructure of [PtRh 4( n—co)%{ns—csm 5) 4] [526]
EPt(PPh3 )2(8234)] gives a complex mixture of which the main component is
{220}, etructurally analogous to {219). (220¢) is also formed, in much better

yield, in the reaction with lﬁ(gphaj(czﬁq)zl’ which also produces small
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amounts of [Pté(u—co)B(PPha)B]. Carbonylation of {220) leads +to metal-metal
figsion and the formation of {Ptaj and {P‘tsl Clusters [526]. Both (219) and
{220) are protonated by H[qu.] along a Pt-Fh edge +to give (221). At low
temparatures and in the solid state the structure is non—symmetric as shown,
but at room temperature the hydrogen shifte from one platimem—rhodiuvm bond to
the other with an activation energy ranging from 49.3 kJ‘uﬁl_l for {221a) to
58.1 XJ mol - for (22lc). Since 1JPtH i8 temperature independent it is
propoged that the dynamic process involves rotation of the
{ha(m)zfns—csuesj} fragment about an axia from platinum to the midpoint of

the Rh—Fh bond [527].

Co
c e/ Cp
5 Pt~pPh, | H
Cp—-—Rh’ -/ F?h/
v =Co \
] oc Pt\L
Cp \
Cp
(221a; L,L" = CO)
(220) (221b; L = CO, L' = EPh)

{z21c) L,L" = cod)

(cp = nc M)

The cluster [PtRh, 8(u—CD) (CO

[PtRl‘l‘(m)l 4']2_, hae the highest known metal to interstitial atom ratio

3— -
}11] , prepared from [RhSN(CO)]_s] and
[528].

Treatment of [Pt3( =0y 3( PRB )3] with metallic WeTCUry Jives
[[Ptsng(n—mja(FRB)a}z], in which the two triangular {Pta} units  are each
capped by a mercury atom. The {ng}m- unit has a long, weak, wetal-metal bond,

The binding in such s2apecies derives from a linear combination of one eapty



340D

o-type orbital of each [Pta} fragment and the filled Hg 6= orbital. This gives
ora gtrongly and one weakly bonding molacular orbital, both fillied. The weak
Hg-Hg interaction arises from the non-bonding character of the HOMO betwean
these two atoms [529], Reduction of cts—[?t(cm!)zclz] by sodium amalgam in the
rresence of an excesa of isocyanide gived three products {(reaction {35)). The
_ Na/Hg

cta—[?t(CﬂR)zclz] + Rle-—-—-—}[ﬂgpta(m}lz] + [?t7<m)12] + [Pt(CHR)SJ (35)
atructure of [HgPtG(CNR)lz] was ghown to involwve two triangular {Pta} units
each with three bridging and three terminal iscnitriles, joined by mercury.
The twe trangular units are nearly but not quite eclipsed. Reating in  toluene
gives [PtB(C:N:R)GJ and mercury metal [S30].

[BE( PPh3 )3) undergoes oxidative addition of [BngRze(C’O)S] to give
{Bx{ Phap )ZPtHgRe(CO)s]. With the analogous manganege apecies, meTcury 1Ls
readily lost +to vyield +the bimetallic aspecies [Bx( Ph3P)2Ptln'|(m)s] and Hy
metal. With [Pd(PPha)‘}] a second oxidative addition is possible yielding a
palladium{ IV) species as the final product (reaction (36)) [531].

_
[N(Pm‘ls)‘t] + [BngHn(CO)s]-———"-——-—-—-—) [Br(Phap)deHgiﬁ‘l{CO)sJ

[Brﬂgun(cn)sj - Mn(co),

(Br{Fh_P) _PaMn{cD)_] — — Br_{Fh_P) Pd (36)
3 ‘2 5 2T T2t
HgMn(CO)_

.9 CATALYSIS BY FALLADIUM AND PLATINUM COMPLEXES

5.9.1 Bydrogenation

Palladium and platinum complexes were among those studied by Vaska in an
extengive survey of dJdihydrogen addition. Reversible formation of an uaz
intermediate is Jdiagnosed by the abilty to  interconvert ortho- and

para-hydrogen, [Pt{PPhB)Q]: [(Phap)zpt(oz)] and [Pt(P’Buajzclz} were all active
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but [Pt(dppe),) and [Pt(Fh,PCH=CHPFh,)] were not. The formation of a (PPt}
gpecies is crucial for dihydrogen addition and the chelating biphosphines d&o
not dJdipsociate easily., Reaction (37) is mechanistically wore demanding,
requiring the ability to activate two dihydrogen molecules at the same centre;

only [Pt(PPha)aj and [(PhBP )zpt(oz}] ware able to catalyee this process [532],

Hz + Dz w=——"2HD {37)

Many of this year's reports on alkene hydrogenation telate to the
activity and gtability of catalysts immocbilised on polymer supports. Silica
supported poly(vinylpyrrolidone)palladium({II} is an acktive and selective
catalyat for alkene veduction at 25 °C/1 aitm. XPES shows that palladium is
chelated by nitrogen and oxygen [533,534]). Phosphinemodified silicas loaded
with palladivm and platinum are similarly active [535,536]. Other active
spacies include PdClz/pnlyani.nochloroquimm and Pdclzfpolym:ytem [537,538].

The species formed from P:!C!l2 and trialkylamines contain Pd-R bonds and
catalyse reduction of alkenes to alkanes. Reduction of diphenylethyne gives
95% cis— and 5% trans-stilbenes [539]. Arenes inhibilt reducticn of l-hexene in
the presence of PAS by displacing adsorbed substrate [540].

Non—ewpirical pseudopotential caloulations for [apu(czn4)c13]2- suggest
that the wechanfam of reduction involves collapse to planar [C21i511d4:13]2-

[541].

HO Cl

Cl H

{222)
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Palladium and platinum complexes on supported (222) catalyse reductive
amination, yielding RCHZN'HPh from RCHC and nitrobenzene [542]. [Pt(dmo}zt:lz]
and [(2-methyl-3-hydroxy—4-pyrane ) 2Pt] are also active catalysts for the
reduction of nitroarenes [543].

Various palladium complexes gupported on gilica are active for the
reduction of sulpholene and thiophene [544]. Polyamide—66 <treated with
Hz[PtCIGJ, KZ[PdC16] or Eth(‘:lel at 100 °C for 30 minuteg armd then reduced by 52
at 160 °C gives a sapecies in which the metala are present as small
crystallites on the polymer. This provides a catalyst for fairly selective
reduction of benzene +to cyclohexene, the latter heing very weakly adsorbed
[545].

A low convergion of dihydrogen and dioxygen to !-1202 is achieved 1in the
presence of [PA(P{C F_}_)_Cl_] [546].

& 5°3°2 2

5.9.2 Carbon monoxride reactions

Selectivity has been the watchword in atudies of alkene hydroformylation
and hydrocarboxylation. N-vinylphthalimide given an n:riso ratio up to

83.6:16.5 in the presence of [E'd(PFh:a)zf:lz]/Sl'lCl2 (reaction (38}). When

dibenzophoaphole replaceg PFPh Py 98.5% of the product i=s 1linegar, though

0
Pd’ A
Q

e COOR

O

(38)
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conversion is low [547]. Up to 99% lirmar aldehyde is obtained by
hydroformylation of 1-alkenes in the prasence of Pl:CLZ/sm:l 2/cha1atinq
kiphosphine [548]. A combination of alkene isomerisatioh and hydroformylation
gives linear aldehydes from internal alkenes in the presenca of
[Pt(PRB)z(CD)c1]+}snclé [549]. Quite spectacular enNanticwsT ORCOINES wWOre
reported for the hydroformylation of styrene in +the presence of

Ptclz/SnClz/(zza) (subsequent more detailed studies have shown these to be

0 PR,
><O PRZ {223; R = Fh or R2 = dibenzophosphole )

somewhat exaggerated) [550]., Oxidative hydrocarboxylation of styrens yields
wethyl cinnamate and l-phenyl dimethylsuccinate [551]. Scmewhat unselective
hydrocarboxylation of ethene +to propancate occurs in the presance of
(Pa(pen,),C1,] [552]. In the presence of PACL /CuCl,/PPh,, HOWCCH,CH,OH is
converted +o the correapording s—-methylene lactone in excellent yield. Under
the same conditions mzoﬂ gives a polymer via intermolecular rteactions
[553].

Carbonylation of 2, #~dinitrotoluene in the presance of
[Pa(py),Cl,]/H, SiMo, O, gives the bis(isccyanate) in modest yield (554]. Wnen
nitrcarene carbonylation is carried out in the presence of sthanol and the
catalyst is [Pt(PPh,),Cl,]/SnCl,, the product is AYNECOOEt. In contrast to
alkene carbonylations Sn{IV) compounds are wuch hetter cocatalysts than Sn{II)
spacies [555]. A useful alternative to the Friedel-Crafts reaction for
deactivated arenes is provided by reaction (29) [556].

PA(OAC ),

mzx + O 4 R’Sn * AxCOR {(39)
55--90%

Paliadium catalysed carhonylation of aririne (224) gives the intriguing
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dimerisation to a g-lactam {(225). The mechaniem propogsed involves ring opening

followed by CO insertion, but is clearly still scesewhat speculative [557].

R

R'—HJ(“

» [Pd(PPhy), |

R + CO ——— N R
CgHe 40°1atm O

i 50-60%

(224) {225)

Carbon monoxide insertion combined with amine attack has provided

precurgore to both anthramycin (reaction (40)) and diazepam [558,559].

OMe CHOMe
O Me Pd(OAcﬂj_—z,_fPPm_*
- BusN
a o H usN /0
CH,OMe
Me!
N
O OMe
. )

(40)

Copolymerisation of ethyne and carbon monoxide occurs in the presence of
[Pa( PPh3 )3(%)]{8?1‘]2, under much milder conditions than those previously
reported [560]. Both carbonylation and polymerisation are said to occur using

Pdﬂrz/(PhO)BP/mH/I-D( as catalyst system, but selectivities are unpredictable
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[s6l1].

Reaction of RHQCl with carbon monoxide in the presence of [Pth(EPha)zI]
gives up to 99% yields of Rzm [562].

Platinum—ruthenium bimetallic clusters supported on silica are prepared
in situ from Hzfptcls] and Ruc13. They act ag wethanation catalysts, but the
turnover decreases as the proportion of platimumm increases, implying that a
Pt-Ru site is not as efficient a8 the Ru-Ru site [563].

Decarbonylation of {226} is catalysed at high temperatures by

[paceen,),] or PACl, [S64].
Q

~0

COCl

(226)
5.9.3 oxridation

™e oxidation of saturated Thydrocarbons in the presence of
PASO Q/HZSO*/[HDZ]*. in 50% EZSD‘ haz been reviewed [565]. Potential
applications of the PA(I1)/P4({IV) couple in catalyeis of oxidation have been
discumsed [566].

Mot of the reports on the Wacker oxidation of ethene to ethanal give
only minor refinements to the conditions wuped [567-56%). A study of the

mechanism of reaction (41) shows that oxygen is transferred from nitrate to

the carbonyl group [570]. Purther oxidations of l-alkenes to wethyl ketones

N(Olc)z

3CZH‘ + SHOAC + mes————?Bil)CBzCHZCIN: + 2Li0AC + 2NO + HZO {4l)
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using Ddclzfcm.‘.lz/oz/dmf have been reported [571-574}. Butadiene is oxidiped
to furan in the presence of Pdclz/tmo Z/NH 4\'0 3/31 203 or Pdcltheteropolya.cid
[575,576].

Two papers report oxidation of 1-alkenes using Me 3COOB. Some of the
methyl ketone is formed but the major products are esters or acids, Oxidative
addition of HeBCOOH yields species cof the type (227) which undergo reductive

elimination to esters [577].

(Z27)

Both palladium({I) clusters and palladium{0) complexes participate in
arene coxidation catalysed by Pdsoé [578]. The ion palr complex is the active
catalyst in oxidation of cyc lohexanol in the presence of
PA{ QA ) 2/01_/K+/18—crown-6 [679]. Oxidative dehydrogenation of cyclohexanone

in the presence of {Pd{ozcc:l? a }2] yields cyclchexencne [580C],
5.9.4 Other additions to alkenazx and alkynes

Platinum complexes have provided many catalysts for hydrosilylation; two

new examplea are shown in reactiona (42) and (43) [581,582].

[Pt(PPh_)C1, ]
CH -cucuzcl + BSiC13 ? Clasi((lﬂz )3('..'1 {42)

2 100 °C, 8h, 82%

‘ caz )4V, /H, [PECL_ ]
CH,(CH, ) CH=CH, + HSi(OEt), oo —y (BX0) S3(CH, ) CH, (43)

Addition of DCN to terminal and cyclic alkenes in the presence of

palladium{0O}) complexes of chiral phosphines has been shown to be
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stereospecifically cts [583].
Bew carbon-carbon bonds are produced in addition of Cﬁzﬂz to alkenes

catalysed by m(nm:)z (reaction (44)) [584] and in addition of clamc ( reaction

(45)) [585].
)
PA({OAC) \
nlnzc-qa + CHN Z}Rlnzc CH, {(44)
2 22 2
1 2 Pd(oncjz 1 2
R CB(OH)YC(R )-C:Bz + c13cx — B COCH{ R )('.?I-Izi;:CIL3 (45)
( 2-methylphanyl) 3P/base

A number of palladium catalysed addition reactions involve attack of a
nucleophile on a palladium alkene complex formed in =iiu. Examples reported
thia year include oxygen [586], sulphur (reaction (46)) [587] and inter- [568]
and intra-molecular reactions of amines (reaction (47)) [589,590]. Both ring

opening and attack of amine occur in reaction (48) [591].

[Pd¢acac), 1/Ph B/EE Al
CH,=CH~CH=CH, + BusH g + BuSCH,CB=CHCH, + BUSCH(CH, JCH~CH,
’ T0% 30%
(46)
Ri’
R™ NHz  pycy,
R—C== E— .
O 84 b o
R
R 2 [Pd(PPha)zJ /\/\/]\
]>$ + RNH ————— RyN R
R

(48)
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Carbanions are alec suitable nucleophiles and benzylmagnesium bhromide
reacts with N-vinylacetamide to give, after reduction, N—acetylamphetamine

[592]. Enolate anions, usually formed In situ, give similar reactions ({for

example, (49)) [593-595],

r

Pd(QAC)-

€L

(49)

Hydrochlorination of ethyne occurs in the presence of P4(II) and Hg( LI}

[5961.

5.9.5 [aomertisation

l1-Alkenes are isomerised mainly to trans—2-alkemes in the presence of
Pdclz [597), whilst the use of {m?'t(s'i'h3 }3][(':104] gives a predcminence of
cis=-alkenes [598].

opening of the three membered ringa and formation of a m-allyl complex
is the £first step in reactions of (228) and (229%), both of which yield (230)
in excellent selectivity in the presence of E’di::lz/i!leo3 {599]. The mechanism
of reaction (50) is not understoed in detail [600]. Cycleopropane rings may
also be cpened under mild conditions where this leads to the Fformation of a

7-allyl complex [601].

O FaCt, /AL O
NP or/\ﬂo\ 2/23>

95.5 %

(228) {229) (230)
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Ph [Pd(PPhy),) @I m
\WZ\/\ - Ph P N

(50)

Thermolysis of S-allylthiocimidates gives sulphur to carbon
rearrangement, but in the presence of Pd(o.mc)z the allyl group migrates £rom
sulphur to nitrogen (reaction (51)) [602]. Almost camplete chirality transfer
occurs in the Copa rearrangement of (231) in the presenca of [(Hecﬂ)declzL
the s8sense of the asymmetric induction being the same as that in the thermal

reaction [e0a].

NMe A S
_—
5~ 81% NHMe
Pd(0AQ), : 5
42% N/Me
N (51)
Ph (MeCN)2PdCLy] o H
? d -+
7001‘0 3003‘0

(231)
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1,3-Alkyl migration of i-alkenyl ethyl acetals occurs in the presence of
((HQCN)ZPdclzl and [(diane)?dclzl {reaction (52)) [604]). l,3-Migration of
ethancate in (232) proceeds with retention of chirality, yielding a key
intermediate for the preaparation of lz-hydroxyprostaglandins {reacticn {(53))

[605].

EtO O
, [MeCn),PaCt)

Et R R R?
()\\T/{)\ﬂ::;g IQ3

R1

(52)

AcQ H H  OAc

{533

{232)

5.9.6 ALlylic auwbpstitution

There continue to be very many reporte of the nucleophilic substitution
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of allyl derivatives in the presence of palladium({0) complexes. These procead
via the formation of palladium allyl complexes (reaction (54)). Simple
substitutions of this type have included p-dicarbenyl anions, amines, alkyl
tin compounde and o—nitro anions as nucleophiles, and ethanoate, nitro and
hydroxyl leaving groups [606-6l2].
y PdO) Nu NU
—_ ,{f"‘\!\‘\ ——y N
Pd X" (54)

Much attention has been focused on various aspects of selectivity which
may be achieved in this +type of reaction [513]. Bthancate is considerably
sarier to digplace than hydroxyl and reaction (55) is also stereceelective,

giving 75% Z product from Z ptarting material [514].

Pd(PPhs) ]
P N + [ 4
HO - OAc MeQOC 78% ?
Na ¢
COOMe
HO -

(55)

™he usual. sterecchemistry of substitution using stabilised enoclates is
retention, via a double inversion {reaction (S6)) [615]. However, with an
alkenyl alane as nucleophile the first example of inver#ion (up to 935%) was
noted, possibly via transmetallation [616].

Ragioselectivity has been studied by other groups. In reaction (57} the
branched product im formed under conditions of kinetic control with (233) as

the major product from thermodynamic control [617). In general, since the
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allyl complex may be formed from two isomeric allyl derivatives, both of these

give fuite similar results on substitution [618—+620].

COC™
CH (COOMe), COOMe
(PA(PPha), )/ PPh; |
COOMe
(56)
[Pd(PPhs )]
+ TeNg ——— o
OAc Ts
MATS
{233)
(57)

The regiochemistry of  intramolecular allylic subetitution is
particularly intriquing, with a general terndency to form the larger and lesms
thermodynamically favourable of two possible rings (reaction (58)) [621,622].

Allyl carbonates aleo vield allyl complexes on treatment with
[Pa( PPh3) q_}. Decarboxylation occurs readily and the alkoxide couples to the
allyl complex (reaction {59}) [623]. fFKeto allyl esters decarboxylate by a
similar route, and the enolate anion then attacks the palladium allyl complex
(reaction {60)) [624,625], The ease of palladium catalysed cleavage of allyl

esters, carbonates and carbamates has lead to the use of the allyl group to
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YT

QAc S0,Ph
COOMe
@<502Ph * COOMe
_ S0,Ph
major
(5e)
0 PaePry))
RO-—&— O~ > R—0—C0, *
/&i
Phg PPh
A

RO~ — RO~ - !‘:’d® + CO2

/N
PryP  PPhy

R
R

{59)

{60)



354

protect acids, aleohnls and amines [626].
Reactions of iminoesters such as thc:vucazcoozt have alpo been reported

[€271.
5.9.7 oxtdative coupling of arenas

Publications reporting palladium catalysed oxidative coupling of arenes
continue, differing only in their selectivities (which are largely predictable
and determined by the rate controlling step of ArPdX formation) and the
oxidising agent used. Perchloric acid [628] and [Tl(GZOC‘P3}3] [629} have been
used as oxidanta. The cross coupling of reaction (61) was used in an approach

to the total synthesis of muacimol [630].

Ts Ph Ts
PA(0AC), /O,
+ PhH

Cu(OAc)#d mso} O)\I

O/!\I

(61}
5.9.8 Coupling of carbanicons with halildes

The range both of organametals and substrates for the general reaction

{62) has Dbeen much increased this year. Grignard reagents oouple to aryl
“Pdll

RM + RX—RR" + M{ {62}
halides in the presence of {[Pd( PP‘ha )&] [631]. Halide and {Sph] are
succespively substituted with good stersochemical control in reactjon (63)
[632]}, and wvinyl phosphonatez are also suitable substrates {633). Optical
yields in asymmetric coupling reactions continue to increase [634] and the

first direct syntheais of chiral silanes in good enantiomer excess is

exemplified by reaction (64} [635].
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rlugx . RoMgx 1 5
Br—CH~CH-SPh 3 ROCH=CE-S8Ph ——— 3 RO CHEa=CHR (63)
[PA(PPh),C1,] [Ni(dppe)CL,]

1

Si B ,
RY\BF + Meg |\I/J\Ag r —

R’ Ph

{64)

Aryl zinc halides react with EX in the presence of l:l'd(l‘!'l'l3 ) 4] to give
ArR, where R im aryl, vinyl or hetercaryl [636]. Acyl halides are also
raactive in the presence of [Pd{PPh3 )2c12]. tha reaction in non-polar solvents
in the absence of catalyst being extremely sluggish [637]. [Pd(PPh3)4] is
superior to its nickel analogue in catalysing the stereocmelective coupling of

vinyl alapes with benzyl halides ({reaction (85)) [638].

[Pd(PPhy),

Me(CH,)
92°, 5>:‘\7
-Ph

M@(CH2)5 - h CHZC[

AiMe2

(65)

Organotin nucleophiles have become increasingly popular in gsevaral areas

of organic pynthesis, and coupling reactions are no exception. Tin enolates
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react with aryl halides (reaction (66)) [639]. BuBSnB gives a c¢lean, high
yielding hydrogenolysis of acyl halides in the presence cof [Pr.l(P:Ph3 )4] [640].
Dialkyl  mercury conpounds, Rzag, react with R'X in the presence of
[Pth(PPh3)2I] to give B-R' in excellent yiaeld; without the catalyst homo
coupling to R-R i8 extensive [641].

[P4{ { 2-methylphenyl) 39 ) 2(:1 2]
BuSS.I'ICl'lZCOC:Ba + Arvr > RICHZCOC'H

4 (66)

Alkynyl copper compounds to be used in coupling reactions are usually
Formad from l1-alkynea in stfu, R'-C®C—Cu is coupled with RX (R = vwinyl or
aryl) in the presence of [Pth(PPhg)ZI] or [1’4:1(9!‘1-;3 )4] and a quaternary
ammanium galt to give R'-CeC-R. The reaction is very asterecaelective with
vinyl halides. Without the quaternary ammonium salt the diyne R'-~-CeC—CaC-R' iB
the major product [642,642], Head-to-tail coupling of the dienynoyl chloride

{234) occurs in the presence of [Pd(PPh_)_Cl ]/c:.aI/PPha/EtaN {reaction (67))

a2z 2
[684].
R
| [(Pl'}gP)deClg]/PPm R
“# Cl ?
H-~ Cul/ EtaN/CsHs i i
(238 OW\R
(67)

Organcboranes may be regarded as derivativez of metalleoids and, as
expected, react with aryl, alkymyl, vinyl, allyl and benzyl halidee in the
prezence of [Pd(PPh3 )4_3 { reaction (68)) [645-647).

[Pa(PPh,), ]
(BtOCﬂ‘-CH)aB + ArX————— AyrCH«=CHOEL {68)
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5.9.9 Other coupling reactions

The studies of Heck and his coworkers continue t¢ add to the range of
coupling reactions of unsaturated compounds catalysed Ly palladium complexes.
Scheme 10 shows a fow of the many processes reported or extended this yeaxr
[648-650].

Two more cyclodddition reactions inwvolving methylens cyclopropane have
been reported by Binger's group (reactions (69) and {70)). Precedent suggests

that palladium trimethylene methane complexes are the intermediates [651,652],

. _~COOMe Pd(dba)z/(MezCH)gP

COOMe

:D T,

{69)

Pd(dba), /(Me,CH);P

4

(70}




Br ° /\( + O —Fﬂ)ﬁA—ra
60°%

)\/XJ + QH; Bf-

30%

PC'I(OAC)z w&o
M Q PAr;

Br

/\/\) Pd(OAc) : PPh3
+ N

COOMe Et N 7G%
+stereoisomerscooMe
I
/\)\/ s Pd(OAc)Q/PPhg 259,
CN Et3N
9%,

+

Scheme 10 Couplings of unsaturated compounds in the presence of paliadimm

complexes [648-6501.
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A trimethylene methane complex iz alse involved in reaction (71); the product

is converted to the cyclopentancid natural product, albene [E53],

QAc
-PrQ),F
/. OOMe (PO )‘@
COOMe

diMe, CO%?AOCE"‘G

()

Homo coupling of arenes has been achieved using two rather different
reactions. In the presence of Pd(O&c)z, l?hB(Oﬂ)z gives a good vyield of
biphenyl via PhPI(OAc) [654], whilat aryl iodides are reductively coupled by
PA(TI)/N B, (reactions (72) and (73)). Yields are low but may be improved by

the use of substituted hydrazinee as reductants [655,656].

2AYI  + PA(O) —— Ar-Ar + HI, (72)

_—
PdIz + 3254 PA(O)Y + 2HI + Nz + Hz (73)

Coupling of benzene with ethens to yield styrene occurs in the presence
of PA{OCAC) 2; the rate controlling step involves conversion of a m-aryl to a
o-aryl [657]. Cyclisation of (235) to (236) takes place in the presence of

Pdclz/ng[nr‘}]/!:tsﬂ, but the role of the catalyet is not defined [658].

_ﬁ@*ﬁﬂi%

(235) {236)

Reaction of &thyl acrylate with FhSebx in the presence of
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PdClz/PPha/Na[onc] gives 2 mixture of (237} and (23e) [659]. Aroyl halides

SePh ?ePh
E £
EA0,C COEt EtO,C A0
SePh SePh
(237) (238)

yield cinnamates under thege conditionz, The mechanism iz thought to involve
oxidative addition of the acyl halide, decarbonylation, insertion of the

acrylate and g-hydride elimination {Scheme 11) [660].

A Y
ArCocl |
Pa(0) > AXCPacl - OC—Pd-C1
I e
B o ArPdCl
HHCHz-cucoost
APdC1 ArCH 2—::3—0005’: e Arpdacl
PdCl CH,, =CH-COUEt
ATrCH=~CHCOOEL

Scheme 11 Palladium catalyeed coupling of aroyl halides and ethyl acrylate

[660]

Other reports of coupling reactions have been scattered and lacking in
generality. Aryl mercury halides react in a Michael fashion with enonea in the
pregsence of Pdc12/m:1/[R4N]C1 [661]. Kz[RsiPs] in the presence of l?tilt::l2 yields
RPIX and a range of useful conversions has been studied (Scheme 12} [662].

[Pd(!lec:ﬂ)é_][m"éjz catalyses cationic polymerisation of alkynes to high

molecular weight pelyalkynes which are highly coloured and have mainly
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trans-sterecchemistxy [663].
I:R/'\/Si Fs T',__, [R/\/de:l

CO/ MeQH q _ A 00Me

e

Pnl
K
#~0Ac
, RSN Ohc

Scheme 12 Coupling reactiong of [RCE-CHSH'SJZ_ [662].
§.,9.10 Cther reactions catalpysed by pailadium and platinum complares

Palladiwm and platinum catalysed reactions have besn prominent in a
humber of other areas. A range of platinum complexes including [Pt( 1='I|'h3 ) 2(:12],
Ez[PI:CJ.‘J. [HPt(Pth )201] and Kz[Ptcls] are catalysts for the chlorination of
pentane [664]), whilet isomerisation and dehydrogenation of alkenes occurs
using E“[l'tal[m'l::l2 >GCJ'4IJ’ or tetraalkylammonium salts of [Pt( Sncla)s]s_ and
[pt( Sncl, )2c12]2" fixed on alumina [665]. A mixture of platinum and chromium
polyphthalocyanines ig also a catalyst for hexane dehydrogenaticon [666]. H/D
exchange in hexane is catalysed in PE(LI)/PL{IV) chloride solutions, probably
via a platinum{II} alkane complex with a pantacoordinated carbon atom [667].

gydrogenolysis of chlorinated heterocycles is achieved in excellant
yvield using HCOONa as reductant and {Pd( E\E'h3 ) 4] ag catalyst (668]. Bydrolysis

of ethanonitrile to ethanamide ia accelerated by [Pd(bipy)(CEH)Cl], the
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mechaniem involving intramclecular attack of hydroxyl 1ion on coocrdinated
nitrile [669].

Carboxylation of methylene cyclopropanes in the presence of [Pd( PPh3 } 4]
gives lactones in good yield wia trimethylene methane complexes [670].

Finally in the rather curious reactions (74} and (75), cyclic, allylic
and benzylic ethers are cleaved in the presence of [P‘hCl-IZPd( l?Ph3 J?_Cl] and then
coupled to acyl halides {€71].

[PhCHZPd( PPh, )zcll
thf + RCOCL —"‘?RCOO(CHZ)4C1 (74}

R'_Snd
E;

(PhCH, PA( PPh, ),C1]
PhCH,OR + CH,COC1 —PMCH,CL  + CH,COOR (75)
R’ Snx

5.10 NON STOICHEIOMETRIC AND TERNARY COMBOUNDS

Syatematic ayntheges for the mixed oxides Ba _Mpt Ru and

a
3 .5 1.5 9

naanPto-,?sRul-zsog {M = La, Pr, Nd, SmLu, Sc or Y) are achieved by heating

gtoicheiometric mixtures of Ba.c03, ll203 or u‘}o_?, Pt and Ru in air. X-ray

diffraction reveals the solid state structures to be closely related to that

of hexagonal BaTiOB. The catalytic activity of Baatbpt Ru ang

0.5 1.509

Baalmtmg {M ~» 3m, Y or Yb) for oxidation of €0 ard reduction of Nox was

determined [672}. The structures of two barium platinum titanates were

Hetarmined. BaT, t is  hexagonal and BHa Ti i=s

16.88%%,12%3 4T 215,160

orthorhombic but both can be described as a cloge packed array of Ba and O
atoms with titanium and platinum in the octahedral voids [673}. The structures
of L‘io.qutaoq and CoD-B_,NaD.HPtBOQ were determined iy neutron powder
diffraction studies and are comparable with that of the prototype NaPt304
[674],

The ternary germanide PdMnGe has the Pezp structure [675], whilst MPtSi

(M =La, Ce, Pr, Nd, Sm or Gd) adopts the ordered 'I‘hs:i.:a structuyre with Pt
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replacing half the silicon atome [676].

The compounds Pd3!l (M = Pu, Am or Cn) are prepared by reduction of the
metal oxides by dihydrogen in the presence of palladium metal. All three are
cubic with the Cuahu structure [677]. The rare earth complexes with this
stoicheiometry adopt the same structure. When W‘"d3 {R = rare earth) ie wmelted
together with boron, a single phase RBGSBI {x = 0-1) iz forwmed with the boron
body centered in the lattice. The structure is unchanged but the lattice is
expanded and the valance state of the rare earth altered [678].

Neutron diffraction studies of Prth ahow a gingle !I;cl.lz type Laves
Fhase aystem and no deviation from simple ferrapagnetic ordering was detected
{679]). Neutron powder diffraction was used to determine the structure of PdsP.

Pde forms triangular prises, balf of which are filled by phosphorus {680].
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