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5. PALLADIUM AND PLATINUM

F.R. HARTLEY

CONTENTS

Introduction . . . . e e e e e e e e e
5.1 Palladium(VI) and (V) and platmum(VI) and (V) e e e e e e e e e
5.2 Palladium(IV) and platinum(IV) . . . e e e e e e e e e e
5.2.1 Complexes with Group (VII) donor hgands e e e e e e e e e
5.2.2 Complexes with Group (VI)donorligands . . . . e e e e e
5.2.3 Complexes with mixed Group (VI)/Group (V) donor llgands - e ..
5.2.4 Complexes with Group (V) donorligands . . . . . e e e e e
5.2.6 Complexes with Group (IV)donorligands . . . . . . . . . . .
5.3 Palladium and platinum complexes with mixed (IV/II) oxidation states. . . .

5.4 Palladium(IIl) and platinum(XIt . . . . . . . . . . . . . . .
5.5 Palladium(II) and platinum(II) . . . e e e e e e e e e
5.5.1 Complexes with Group (VII) donor hgands e e e e e e e e

5.5.2 Complexes with Group (VI) donor ligands . ..
5.5.3 Complexes with amino-acids, peptides, nucleic acnds and other bxologxcally

important molecules. . . . e e e e e e e e e e e
5.5.4 Complexes with Group (V) donor hgands e e e e e e e e e e e
5.5.5 Complexes with Group (IV)donorligands . . . . . . . . . .

65.5.6 Complexes with Group (IIl) donor ligands . . . . . . . . . .
6.5.7 Hydride complexes . . . . . .

5.5.8 Substitution reactions of complexes of the d:valent metals e e e e
5.6 Palladium(I) and platinum(l) - ... e e e e e e e e e e
5.6.1 Complexes with phosphmes andarsines . . . . . . . .+ . < < .
5.6.2 Isonitrile complexes . . . e e e e e e e e e e
5.6.3 Complexes with organic bndg’mg hgands .
5.6.4 Carbonylcomplexes . . . . . . . . . . . . .+ . .+ . . .
5.7 Palladium(0) and platinum(0) . . C e e e e e e e e
5.7.1 Complexes with Group (VI) donor hgands e e e e e e e e e e
5.7.2 Complexes with tertiary phosphines . . . . . . . . . . . . .
5.7.3 Complexes with carbon donorligands . . . . . . . . . . . . .
57.4 Carbonylcomplexes . . . . . . . . . . . . . . .+ . o < .
5.7.5 Isonitrilecomplexes . .-. . . . . . . . . . .+ . . - . .
5.8 Platinummetal . . . . . . . . . . . . . . . o . . ..
5.9 Analysis and extraction . . . . . . . . . . . . . . . < .
References . . . . . . . . . . . . o+ . 4.0 e e e e
INTRODUCTION

143

143
144
144
144
146

. 147

147
149
150
151

. 151
. 151

153

169
172

. 183
. 188

188

. 190

190
190
191
191

. 192
. 192

192
193
194
195

. 196

196

17

197

This review covers the papers recorded in Chemical Abstracts during 1979
as well as those in the major journals during that period. It thus effectively
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covers the period mid-1978 to mid-1979 with some later references.

Undoubtedly the highlight of the year is the approval of cis-[Pt{NH,),Cl,]
by the U.S. Food and Drug Association and the U.K. Department of Health
and Social Security for use against tumours. In the U.S., the drug is marketed
as Platinol and in the U.K. as Neoplatin (see Section 5.5.3.4). The discovery
of the anti-cancer powers of this and other platinum compounds has led to a
great deal of research into the biochemical activity of platinum and its
neighbours in the Periodic Table, with particular emphasis on the interaction
of platinum compounds with DNA (Section 5.5.3, especially 5.5.3.3). This
work is now bearing fruit. Another active and fruitful area has been the syn-
thesis and study of quasi-one-dimensional mixed oxidation state compounds
(Section 5.3) which may be of use in solid state devices. A goal that is still
some way off is the catalytic activation of hydrocarbons; however, the descrip-
tion of the 'H and '3C NMR spectra of the phenyl(hydrido)platinum(IV) spe-
cies formed by oxidative-addition of benzene to Na,[PtCl,] has greatly added
to knowledge, as opposed to speculation, in this area (Section 5.5.5.4). Worthy
of mention also are the novel hydrido-platinum(II) complexes being reported
by several groups; these may well provide a rich source of new catalysts (Sec-
tion 5.5.7).

On the debit side, althcugh it was well established by the turn of the cen-
tury that platinum bonds to most nitrogen and sulphur donors, there are still
a very large number of papers being published that do nothing more than
confirm the truth of this observation.

5.1 PALLADIUM(VI) AND (V), AND PLATINUM(VI) AND (V)

No papers describing either palladium(VI) or platinum(V1I) chemistry have
been published during this year. .

The previously known compounds [Xe,F;][PtFs] and [XeF][PtFq] have
been prepared by the interaction of XeF, with PtF4. Thermal decomposition
of [ XeF][PtF,] yields highly pure XeF, which, together with routes involving
platinum(IV) and palladium(IV) fluorides mentioned below, provides a good
route for the conversion of XeF; to XeF, [1].

5.2 PALLADIUM(IV) AND PLATINUM(IV)
5.2.1 Complexes with Group (VII) donor ligands

In addition to the platinum(V) compounds mentioned above, XePt,F,, is
formed by the reaction of XeF, with PtF,. XeF, reacts with either PdF, or
Pd,Fg¢ to yield XeF, - PdF, or XePd,F o, respectively [1]. Thermal decompo-
sition of XePd,F,, yields pure XeF,, providing an alternative route to
that menticned in Section 5.1 for the conversion of XeF, to XeF,. XePd,F,,
is structurally similar to XePt,F,q; spectroscopic evidence suggests that both
are salts of XeF* and a polymeric anion [M,Fg]? . The syntheses of
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Y, [PtClgl;s - 25 H,O and Sm,[PtCls] - 12 H,O have been reported; on heating
they decompose to yield successively H,O, HCI, Cl,, metallic platinum and
either Y,0; or SmOCI [2].

A solution of Na,[PtCls] in D,O is stable for over a year. Since it gives a
sharp band in its !°Pt NMR spectrum, it has been put forward as a suitable
reference for ?Pt NMR spectra. It is recommended, in line with IUPAC con-
ventions, that !?SPt chemical shifts to higher frequency than Na,[PtCls] be
recorded as positive [3]. On stepwise substitution of CI™ in [PtCl,]*~ by Br™,
there is a low frequency shift of —287 p.p.m for each Cl” substitution; each
Br provides a further —12 p.p.m. Thus '**Pt NMR chemical shift data can be
used to determine the coordination sphere of the metal [3]. The oxidative-
addition of chlorine to chloropalladium(II) species in dilute aqueous solution
to yield [PdCl,])*~ occurs in two stages: firstly, oxidation of palladium(II) to
palladium(IV), and secondly a slow substitution of any aqua ligands present
by chloride ions [4]. [pyHL[PtIs] can be prepared by the reaction of platin-
um, iodine and pyridine in the presence of a small amount of hydriodic acid
in dichloromethane. The product is copper-coloured due to [—I interactions
between adjacent [Ptls]>~ octahedra. Within the [PtI;]*” unit, the mean Pt—T
bond length is 2.67 A [5]. A study of the Raman spectrum of Rb,[Ptls] has
shown that the anharmonic Raman process is dominant but not to the total
exclusion of the ordinary Raman process [6]. The dibenzotetrathiafulvalene
(dttf) complexes [dttf]s[PtClsls and [dttf]s[PtBrs] show high metallic con-
ductivity in restricted temperature intervals [7].

Three papers have been concerned with platinum(IV) haloammine com-
plexes. In the first, the structure of [Pt(en),Br,][C404] - 2 H,O has shown
Pt—N and Pt—Br distances of 2.05(3) and 2.459(2) A, respectively [8]. The
absorption spectra of a number of platinum(IV) chloroammine complexes have
been recorded. All have three maxima: one at 380—415 nm (¢ = 15—50 1
mol ! cm™!) due to a singlet—triplet ligand field transition, the second at
305—350 nm (€ = 150—3810 1 mol™! cm™!) due to a singlet—singlet ligand field
transition and the third between 245 and 277 nm (e = 850—4500 1 mol™!
cm™!) due to a chlorine to platinum charge-transfer transition. The photo-
chemical effects of irradiating such complexes have been investigated; absorp-
tion in the charge transfer region is relatively efficient and square—pyramidal
platinum(IIl) intermediates are thought to be formed [9]. Unlike chlorination,
fluorination of platinum(IV) chloroammine complexes does not yield chloro-
amido-complexes, but rather complexes such as trans-[Pt(NH;),Cl,1[H,F;].
in which the fluorine is present in the anion rather than the cation [10].

The kinetics of bromide anation of [Pt(CN)4Br(H,0O)]™ have been studied
at higher bromide concentrations than previously. A two-term rate law is
found, in which the first term involves a reversible first-order reduction of the
ion-pair [Br...BrPt(CN);H,0]?" and the second term involves a bromide-assisted
reduction of the same ion-pair, suggesting an overall reductive-elimination/oxida-
tive-addition mechanism [11].

An investigation of the uptake of platinum as [NH,],[PtCl¢] by tomato,
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corn and bean plants grown hydroponically showed that platinum is exten-
sively taken up by the roots and transported to the tops of the plants. This
latter is less true of palladium which was studied in the form of Na,{PdCl,]
[12].

5.9.2 Complexes with Group (VI) donor ligands

A series of mixtures of composition M; —xRh, Se, (where M = Pt or Pd, and
x = 0.3) have been prepared. At ambient pressure the palladium compound is
a mixture of PdSe, and RhSe,. On increasing the pressure to 50 kbar at 1000°C
a single-phase, crystallising with the pyrites structure, is formed. When 0.3 <
% < 0.4, the platinum compound, at atmospheric pressure and 1000°C, yields
a solid solution that crystallises with a CdI, structure; there is no high pressure
phase transformation up to 50 kbar [13]. PtS; and PtTe, have been prepared
in sealed tubes by reactions (1) and (2). The phosphorus and sulphur are
essential in order to achieve platinum transport; chlorine helps but is not essen-
tial {14].
Pt+2S 2% C:P, pig, 1)

Cl, (75 torr)

875°C:P, S
Clz (75 torr)

Pt + 2 Te PtTe, 2)
X-ray and neutron powder diffraction studies of Na,[Pt(OD)s] have yielded
bond lengths of 2.06(2) and 0.95(2) A for Pt—O and O—D, respectively [15].
The electronic spectrum of [Pt(OH)s]*~ has been assigned with the aid of an
extended Hiickel calculation [16].

Sulphato-complexes of platinum(IV) are rare and their hydrolysis has not
previously been studied. It has now been shown that alkaline hydrolysis of
trans-[Pt(NH;),(OH)(SO,)]" is accompanied by isomerisation to yield a mix-
ture of cis- and trans-[Pt(NH;)4(OH),]1[SO4], a type of behaviour not previ-
ously reported for platinum(IV) ammine complexes. The cis-isomer is only
formed under very alkaline conditions, and is formed by hydrolysis of the
conjugate base complex [Pt(NH;);(NH,)(OH)(SO,4)})*” probably by dissocia-
tive hydrolysis. No platinum(II) catalysis is involved [17].

A number of fluorosulphate complexes of palladium and platinum have
been described {reactions (3)—(6)}. The fluorosulphate anion acts as a uniden-
tate oxygen-donor ligand [18]. -

2 CsCl + Pd + 2 HSO,F 1 Removal of HCl on vacuum lng (v rpg(SO,F)s] + 2 HCL
2. Addition of S,04F,
(3)

[Pt(SO;,F)4] 4)

Pt + 2 8,06F; = l0’c,

2Pd + 3 szoch—lﬂ& PA[PA(SO3F)e] ;o Jeat, > [PA(SO5F),] + 2 S;,06F; (5)
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80°C
e PA[Pt(SO;3F)s] (6)

Heating cis-[PtL,ClL,] (where L = Me,S, Et,S, thiophane or Me,SO) in the
solid state converts them to the thermodynamically more stable trans-isomers
[19]. The difference in the total energy of cis- and trans-[Pt(Me,S0O),CL,] is
8.4 kJ mol™*.

Tetrameric [Pt(CH;)s;(SMe)ls has been prepared by reaction (7) [20]. An
NMR study of [Pt(CH;);X,(CH;ECH,ECH,;)], (1), has shown that the Group
VI donors exchange platinum atoms. In addition, at higher temperatures, an

[PA(SO;sF),] + [Pt(SO5F),]

2[Pt(CH,);L[SO4] + 4 Na[SMe] 2> [Pt(CH;)5(SMe)l + 2 Nay[SO4] (N
intramolecular random cleavage of the halide bridges occurs giving short-lived

CH; CH; CH;
e gy OF
CH; L ~x ! “\CH;,
CHs~ ~~CH;  “CH,
(1) X=ClorBr; E=Sor Se
five-coordinate species, so allowing all three platinum methyl environments
to become completely averaged [21].

5.2.3 Complexes with mixed Group (VI)/Group (V) donor ligands

Platinum(IV) complexes [Pt(sbts),Cl,]Cl, (sbts = 1-salicyl-4-benzylamido-
thiosemicarbazone (2)) and [Pt(fbts),]Cl, (fbts = 1-(a-)-furyl-4-benzylamido-
thiosemicarbazone (3)) have been prepared by reaction of the appropriate
ligand with chloroplatinic acid in ethanol; fbts behaves as a tridentate SNO
ligand whereas sbts bonds as a bidentate SN donor [22]. The Schiff base
phcéc»c:n‘:-@-maz forms [PtL,Cl,]Cl,, in which it acts as a chelate ligand

through the starred donor atoms [23]. A study of glycine ring formation in

HO s
S
O 5 " O3 ny
CH?_CONHNHCNHN=CH CH2CONHNHCNHN=C

o
(2) (3)

trans-[Pt(en)NH;(glyH)X,]1X, (X = Cl or Br) showed that it was catalysed by
the platinum(II) complex cis-[Pt(en)NH,(glyH)]?** and increased in rate with
increasing pH over the pH range 2—4 [24—26].

5.2.4 Complexes with Group (V) donor ligands

A study of the reaction of the theophillinate anion (4) with fac-[PtMe;-
(H,0)31:[S0O,] has been undertaken because this anion provides a useful
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6-oxopurine model to mimic guanosine. The product is trimeric [PtMe;L]1;,
in which the theophillinate anion bridges two platinum atoms through N7
and N°. The N™—Pt bond is the stronger since reaction of the trimer with

o Me, —(CH2Y~ Me
Me\N N —N N=—
)\ s />—H —0 O=—
o7 N7 TN
| Me Me

Me
(4) (5)

excess methylamine yields [PtMe;(MeNH,),L] in which the ligand is bound
only through N7 [27]. A palladium(IV) complex, of the tetradentate Schiff
base (5), which has oxo-m-allylic bonding on one side (6) has been prepared.
It undergoes a number of interesting reactions, including the formation of
the bond isomer (7), and nitrosation with concomitant reduction to palladi-
um(II) (Scheme I) [28].

T
o (R = Me or Et)

(6)

Na[NOz]/ac-d \excess Na[NOz ]/ acid 60°C| (-RNH)

N

Me,
RNH; =N
—_—_— - <

Me

2¢

~CH L Me o Me (CH2l Me 7 CHaLN Me

N N O \ =N N._Me 2-
: Seg” Y Spgls [Pact, ]
Sy P

97 Son? e e woy” SN Me

o O

Scheme [

The synthesis of trans-[Pt(dien)Cl(NO),NH;]Cl, has been reported [29].
An investigation of the acidic properties of a number of dinitro-platinum(IV)
complexes showed that the cis- and trans-effects of the nitrogroups were less
than those of Cl7, in agreement with earlier work. It appeared that nitro-
groups had a m-acceptor ability unless two nitro-groups were mutually cis
[30]. The N,N'-dimethyl-1,2-diaminoethane complexes [Pt-
(MeNHCH,CH,NHMe)Cl,(py)NO;]Cl and [Pt(MeNHCH,CH,NHMe)Cl(py)-
(NO.).]Cl do not react with chlorine or nitrosylation reagents, in contrast to
the corresponding 1,2-diaminoethane complexes which form N-chlorinated
or N-nitrosylated 1,2-diaminoethane, respectively [31]. The N-nitrosylated
1,2-diaminoethane complex [Pt(ONNHCH,CH,NH,)(py)(NO,),Cl] can be
denitrosylated by heating with hydrochloric acid {reaction (8) }. Both denitro-
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sylation and nitrosylation of 1,2-diaminoethane occur without cleavage of
[Pt(ONNHCH,CH,NH, )(py }(NO,),Cl] l—:{%’f [Pt(NHCH,CH,NH,)(py)Cl,(NO,)]

+ [Pt(en)(py)Cl(NO,)]Cl (8)

the Pt—N bond [32]. The circular dichroism and absolute configuration of
[Pt{NH,CH,CH(Me)NHCH,), } Cl,] have been determined [33].

5.2.5 Complexes with Group (IV) donor ligands
NMR studies suggest that trimethylplatinum hexafluorophosphate in tetra-
hydrofuran exists as (8). This solution reacts with hexaphenylcarbodiphos-

phorane to give novel products when both one and two equivalents of the
bis(ylide) per platinum atom are used {reaction (9)} [34].

Me. Pt TN
3 — o — P ~\'-Ppn2

/ Me _-Me _l
[ ) +4Ph,P=C=PPh, Bt Me

PF ——————————————— HC(PPh,,), PF, 2 ]
/'/O\kmme3 e, thf . el + C @J

(8)

Ph,P. PPh
2Pt PP

6PnyP=C=PPn; Pt
v I + 2[HetPPny), J[PFe ] + 2CHa N
c (9)
PSRN
+

The compound Cd[Pt(CN)s] is remarkable in that it crystallises from water
with a cage structure big enough to pick up water, but it is anhydrous. Thus
the water molecules obviously prefer the hydrogen-bonded clusters of the
solvent to the cavities of the lattice, which must therefore be regarded as hy-
drophobic. In agreement with this, the inclusion compounds CdfPt(CN)] -
1.046 Kr and CA[Pt(CN)s] - 1.128 Xe were grown in an autoclave at 64 bar.
The former compound has a krypton density equivalent to gaseous krypton
at 118 bar; if all the lattice cavities had been occupied, the density would
have been equivalent to the gas at 216 bar. As a result, this type of compound,
with a metal cheaper than platinum, couid provide a technically interesting
alternative to steel cylinders for the transfer of krypton and xenon [35].
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5.3 PALLADIUM AND PLATINUM COMPLEXES WITH MIXED (IV/II) OXIDATION
STATES

A great deal of research has been conducted into mixed-valence compounds
of platinum. The overall aim of the work is to understand and develop new
superconductors, particularly one-dimensional conductors, that would be of
value in the construction of solid state devices [36]. Particular emphasis has
been given to compounds involving partially oxidised Pt(CN)4 units, with the
synthetic emphasis being directed to understanding how to make a controlled
and pre-determined change to the lattice [37—48]. Besides the use of X-ray
diffraction as a structural tool, IR and Raman spectroscopy have been studied
extensively [49—52]. One paper has shown that an observation of the lumi-
nescence spectrum permits direct detection of the Peierls gap [52]. Mean field
theory with arbitrary band filling has been used to calculate the Peierls transi-
tion temperature in K,Pt(CN)4Bry ; - 3 H,O [53]. Reaction of one equivalent
of K,[Pt(CN)s] with two equivalents of K,[PtCl;] in aqueous solution is
reported to yield a mixture of {NC—Pt(CN),—CN—Pt(H,0),}, and [CI-
(H,0),Pt—NCPt(CN),—CN~—Pt(H,0),(C1] [54].

Further structural and spectroscopic studies on mixed valence diamine com-
plexes, such as [Pt(diamine),] [Pt(diamine),X,][ClO4]4 have been reported
[55—59]. The iodination of [Pt(RNHCH,CH,NHR)(SCN),] in ethanol gives
the complexes [Pt(RNHCH,CH,NHR )(SCN),I], and provides a very simple
route to a series of quasi-one-dimensional complexes which show extended
z-axis interaction even with iso-propyl R groups present [60]. A detailed
study of the products formed upon oxidation of cis-[Pt(NH;),X,], cis-[Pt-
(diamine)X,] and [Pt(diamine),]X, (where X = halide) has shown: (i) the
structure of the product obtained from cis-[Pt(NH;},X,] depends very much
on the reaction conditions and the other ions present; (ii) with diamines, the
chance of isolating a characterisable mixed-valence system increases as the
atomic weight of X increases, and that (iii) the Pt—Pt separation increases as
X gets bigger due to the Pt'V—X bond length increase (the Pt!!...X distances
are nearly independent of X) [61]. Passing air through a suspension of
Magnus’ Green salt in dilute sulphuric acid results in its oxidation to a brown
chloride-bridged chain polymer [62].

A number of quasi-one-dimensional palladium complexes have been
described {63—65]. [Pd(dpg).I] (dpg = diphenylglyoximate), prepared by
treating [Pd(dpg),] with iodine in 1,2-dichlorobenzene at 110°C, involves Pd-
(dpg), units carrying a fractional +0.20 charge in vertical stacks with [Is]".
The Pd{dpg), stacking interactions give rise to a band at 505 nm whilst a
broad band at 675 nm is associated with the polyiocdide chains [64]. Self-con-
densation of 2-aminobenzaldehyde yields a tetrazomacrocyclic ligand (9)
which has been used to prepare [PAL]{I3] ;- This shows an unusually large
pressure dependence in its conductivity, but the origin of this is not clear since
its infrared spectra show no corresponding changes that might indicate struc-
tural changes [65]1.
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Differential thermal analysis and thermogravimetric analysis have been used
to study the thermal stability of mixed platinum(II)—platinum(IV)—chloro—
pyridine compiexes {reactions (10)—(12)} [66].

[Pt{py)a] [PtCls] —— > cis-[Pt{py),Cla] + trans-{Pt{py).Cl.] (10)
<180°C

TDLfee) 1 1Dy 1 D€L e oy 10DeOT 1 (11

LU Py )quila]irtuig] ° LEWPYJIglirituig] (i)
<180 C

s s N s T rTLeow 1 heat OFTLs .y v T 710

LEUPY JaUl2J L ETULG ) o ALY pY )allg) 14y
190—250°C ;,

5.4 PALLADIUM(III) AND PLATINUM(III)

The oxidation state (III) is very rare for both palladium and platinum. How-
ever, the preparation of platinum(III) ethanoate [Pt,(O,CMe)g] has been
described [67], together with the Raman spectra of a number of platinum(III)
ethanamido-complexes [Pt(CH;CONH),X],. (X = Cl, Br, I, NCS, NO, or NOj3)
[68]. The interaction of cis-[Pt(NH;),Cl,] with tryptophan in aqueous solu-
tion yields paramagnetic species that can be detected by EPR spectroscopy
after several hours reaction time. The spectra indicate that more than one

[ . gy PRSP RS .. S [ P

pd[d.!lldglleblb bpeuwb lb pICbeIlb auu aac (,Uﬂb.lbbellb wilil u I.UW bpul plabuu.uu

(I1IT) [69].

The presence of a dimeric palladium(III) species has been postulated in the

oxidative arylation of olefins promoted by Naz[Pd2(02CMe)6] {reaction (13)}.

Na,[Pd2(0O;CMe)gl

ArH + PhCH=CH,

— ArCH=CHPh + H" (13)
Na[O,CMe] in HO,CMe

This suggestion accounts for the observed kinetic order of 0.5 in palladium-
(IT) and avoids the need to postulate oxidative-addition of ArH to Pd(II) to
form Ar—Pd'V—H, by postulating oxidative-addition of ArH to Pd"...Pd" to
form Ar—Pd!l Pdm—H which should result in a lower activation energy

[70].
5.5 PALLADIUM(II) AND PLATINUM(II)
5.5.1 Comploxes

2.4 L0 exes

Two papers have described the synthesis of halo-palladium(II) and

-platmum(II) complexes by aerial oxidation of metallic palladium or platinum
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in the presence of HX, CuX; and [YH] or Z {where YH = pyH, [Me;NH],
[Et,N], ;—[bipszl or [Me;S]; Z =dmf, MeCN, Me;NO or pyridine N-oxide}. The
product formed {e.g. [YHL[PdX,], [YH],{Pd,Xc], [YH][PtXs], [Pd-
(py)2X.;] or [Pd(bipy)X.]} depends on both X and Y and theratioof X : Y
[71,72]. [PtCl4]* is formed as shown in reaction (14) when [Pt(C,H,4)Cl;]”

is oxidised by chlorine in aqueous solution [73]. The equilibrium constants

- H,O0
[Pt(C,H,)Cl;]™ + Cl, & [Pt(CH,CH,C1)Cl, 1>~ (_ﬁ?; {Pt(CH,CH,OH)CI1s}*~
(14)
[PtCL}*~ + CH,CICH,OH

linking [PdCl;]*” and ethene in 2 M and 3 M aqueous sodium perchlorate at
25°C {equilibria (15)—(17)} are K;5s = 19.6, K, ~ 0.003,K,;=0.012at u =2
moll!'and K,5=11.0,K,,< 0.01,K,;,=0.006 at u =3 mol I}, respectively [ 74].
A cryoscopic study of the chloropalladium(II) ions formed suggested that at

[PACL > + C,H, =2 [Pd(C,H,)CL]" + CI° (15)
[PA(C,H,)CL]™ + H,0 =% [Pd(C,H,)(H,0)Cl,] + CI" (16)
[PACL T~ + H,0 =2 [PACL,(H,0)]" + CI" 17

low chloride concentration the species were mainly mononuclear {75]. This is
surprising, and the reverse of previous findings [76—78]. Pd(OH), dissolves in
0.1 M NaCl—Na[Cl10,] below pH 4.5 to form [PdCl;(H,0)} (K = 3.9 X 10'%)
and [PdCl,]*" (K = 8.6 X 10'3%). Between pH 5.6 and 6, penta- to hexa-meric
hydrolysed palladium(II) species are formed, and above pH 11.[Pd(OH),-
(H,0)4 —,]*~ " (where n = 8 or 4) are formed [79].

Thermal studies of the system NaCl—PdCl, show only the formation of
Na,[PdCL;], which melts congruently at 430°C [80]. On heating [NH,].-
[PdCL,] there is a phase transition at 132 K [81]. The resonance Raman spec-
trum of a mixture of PACl,—AICl; in the vapour phase between 500 and 900 K
at 30 atmospheres suggests that [Cl, AlC1,PdCl,AlCl;}, which has a centre of
symmetry, is formed [82]. A study of the interaction of dioxygen with PdCl,
and CuCL—PdCl, in aqueous solution between 20 and 85°C showed dioxygen
interaction with PdCl, and aggregate CuCl,—PdCl, complexes with large heats
of adsorption; at high dioxygen concentrations, CuCl, itself interacts with
dioxygen with a lower heat of adsorption [83].

X-ray diffraction of Rb,[PtBr;] - H,O has indicated a Pt—Br bond length
of 2.435(6) A [84]. Further investigations of the electronic spectra of [MX,4]*~
ions (X = Cl, Br or SCN; M = Pd or Pt) have involved measuring the polarised
crystal absorption spectra between 10 and 295 K. The spectra were assigned
on the basis of ligand-field calculations including electron—electron interac-
tion and spin—orbit coupling. The assignments are not in accord with previ-
ous work [85].
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5.5.2 Complexes with Group (VI) donor ligands

5.5.2.1 Unidentate oxygen donors

The optical properties of PdO indicate a small energy band gap of 0.8 eV
and a dielectric constant of 8.0 [86]. On heating, PdAO decomposes between
780 and 850°C with an activation energy of 197 kd mol™! [87]. On heating
PtO or PAO with alkali metal carbonates in the solid phase Na,PtO,, Na,Pd;0,
or K,PdO, are formed which have semiconductor properties [88]. On heating
a12:1 :2.5 mixture of PbO : PbF, : PAO at 790°C for 140 hours, PbPdO, is
formed, in which each Pd is in a square—planar environment and each Pb is at
the apex of a PbO, square-pyramid [89].

A superoxide complex of palladium(II) has been prepared as in reaction
(18). It reacts with methanol to give a methoxide bridged species and with

RO
CHaCI IE
@ +2K0, —— (P t)pd\") + 2KCl + Oy
/Po{ 2 Me':y wecw (18)
1
< \/
MaCN,

(c/ ‘“*o/ \N) Cc/ Pd\Nthdje

ethanenitrile to yield a “linear’ peroxide bridged complex [90]. Hydroxyl
radicals react more readily with [Pt(en);]** than with [enH]' or {enH,}**

[91]. This reaction is of reievance to the interaction of the products of y-radia-
tion on the body with other possible cancer-therapy agents.

The minimum aqueous solubilities of Pd(OH), and Pt(OH), are 4.0 X 10"° M
and 5.0 X 107° M, respectively [92]. When a solution of [Pt{P(CMe,H);};] in
thf, where the major platinum species present is [Pt{P(CMe,H);},]1, is treated
with water at room temperature trans-[Pt {P(CMe,H);},H(OH)] is formed as
an extremely air-sensitive colourless compound [93]. Ligands such as
P(CMe,H); or pyridine react with this hydroxo-compound to displace the hy-
droxo-ligand, so that dissolution of [Pt {P(CMe,H); };] in aqueous pyridine
vields trans-[Pt{P(CMe,H);}.(py)H][OH], which gives a very strongly basic
solution. [Pt(PEt;);], which does not dissociate so readily, reacts with aqueous
thf to form [P{(PEt;);H][OH] which is an effective catalyst for H/D
exchange of activated C—H groups (such as the a-hydrogen atoms of ketones,
aldehydes, sulphones, sulphoxides and nitroalkanes) as well as for the hydra-
tion of unsaturated organic compounds {such as CH;CN (to CH;CONH,)
and CH,=CHCN (to a mixture of CH,=CHCONH,, HOCH,CH,CN,
O(CH,CH,CN), and CH,=C(CN)CH,CH,CN)} [93].

Iron(II) is rapidly oxidised by O, in acid solution in the presence of [Pd-
(H20)4]1[{S0O4], through reactions (19)—(21) [94].

Pd** + Fe** + O, » PdO; + Fe** (19)
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PdO; » Pd** + O3 20)
4 H* +O; + 3 Fe?* - 3 Fe** + 2 H,0 (21)

The insertion of isocyanide into a number of M—E o-bonds has been
reported over the years. Isocyanide insertion into Pt—OH bonds yields carbox-
amido-complexes and its insertion into Pt—OMe bonds yields imidoyl com-
plexes {reactions (22) and (23)} [95]. Other reagents that insert into Pt—OR

i
PP _C—NHMe

pnz":\ /OH
E Pl + MeNC ——e [ ~pt] (22)
Ph,P CFa PP “CR
Pn,P O PP ~OMe
ny Me ny cl
E ¢ + MeNC  ——m E et SNme (23)
Ph,P CF3 Phy P CFy

bonds include CO, COS, CS, and SO,. Weak acids HY (Y = SH, p-MeC¢H,S,
PhiC=C, CH3;CONH or PhMeN) react with alkoxy and hydroxy-platinum(II)
complexes [PtL,(OH)R] to form the corresponding alcohol, or water, and
[PtL,YR] [96].

~ Platinum metal hydroperoxo-complexes have received increasing attention
recently because they may be involved in the oxygenation of olefins catalysed
by the platinum metals. However, the first hydroperoxo-complexes of plati-
num(II) were only isolated in 1979 by one of two routes {reactions (24) and
{25)}; L, = 2 PPh,Me gives trans-products; L., = Ph,PCH,CH,PPh, or Ph,PCH=
CHPPh, gives cis-products. A number of reactions of these complexes have
been investigated (Scheme II) [97].

[PtL,(CF;)OH] + H,0, - {PtL,(CF;)(OOH)] + H,O (24)
[PtLy(CF3)H] + H,0; ~ [PtLx(CF;3;)(OOH)] + H, (25)

Strong acid HX
1 2-
x= E[SOA} or

Me-@—SO;

= [Pt erdx] + H0,

P
P03 e [Ptia(CFaNOHT] + OPPhy
CcO
[Pt ; (CF,)(O0H)] o [PtLo(CFX(OHY] + CO,
Leo, [PtL,(Cry) (cOoK)]
2 NO

o [PtL(CFd(NDZY] + HNOZ

cyclohexene .

No reaction

Schneme IT
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The inability of these hydroperoxo-complexes to react with cyclohexene de-
monstrates their limited oxygenation ability.

Nitrate ions do react with [Pd(H,0),]** to form [Pd(H,0);(NOs)]1",
although the equilibrium constant (1.2 + 0.4 1 mol™* at pH 0) is too low to
determine meaningfully. With perchlorate and 4-toluenesulphonate there is
essentially no reaction in aqueous solution [98]. [Pd(SO;F).], prepared by
heating PA[Pd(SO;F)s] at 130°C {see reaction (5)}, has a very similar spectrum
in the d—d region to Pd[Pd(SO;F)s], suggesting that the fluorosulphate anion
behaves as a tridentate ligand giving palladium(II) in an octahedral geometry.
If substantiated by a crystal structure, this will be one of the few octahedral
palladium(II) complexes known {18].

PdCl, dissolves in dimethylformamide to form [Pd(dmf),]Cl, [99]. The
chloride-bridged complexes [Pt(am)Cl,],, am = pyridine, picoline or lutidine,
dissolve in dimethylformamide to form [Pt(am)(dmf)Cl,]; vc =0 is lowered
from 1668 in free dimethylformamide to between 1640 and 1625 cm™! in
the complexes. Oxygen donation is confirmed by this and the 0.2 p.p.m. up-
field shift of the aldehyde proton in the NMR spectrum. This proton is
coupled to '?SPt with Jp,_;; = 40 Hz, whereas the protons of the methyl
groups bound to nitrogen show no coupling to platinum-195 [100].

5.5.2.2 Bidentate oxygen donors

1,2-Quinones add oxidatively to [Pt(PPh;),;] to form platinum(II) com-
plexes which react further with copper(II) or iron(III) chloride to form para-
magnetic complexes involving the semiquinone ligand 1,2-OC¢H,O™ {reaction
(26)} [101]. 1,2-Quinone complexes can be prepared by displacement of
ethanoate from cis-[Pt(Et,S),(0,CMe),] (see Section 5.5.2.7) {reaction (27)}

o o
. —— net” R
(PtePPng), ] + R (PPh3),Pt
o]

lCuClz (or FeCl3) (26)
Php_ O
3
\}Iat/ : R + CuCt (or FeCl)
P YO

t,S. O
cis-[Pt(EL,S5),10,CMe), ] + @Z: — [ZS)%(OKE} + 2HO,CMe (27)
[102]. 1,2-Hydroxyacetophenone reacts with aniline coordinated to 1,2-
naphthoquinone complexes of platinum(II) and palladium(II) to form Schiff
base complexes {reaction (28)} [103]. 3,4-Dihydrocyclobutenedione,
although it does not react with Na,[PtClL;], reacts with [Pt(H,0)4]** to give a
yellow bis(squarate)complex, {(10), Scheme III}, K,;[Pt(C404).] - 2 H,O
which on oxidation yields K, ¢[Pt(C404).1 - 2 H,O with a Pt'V : Pt" ratio of
0.202 : 1 or a mean platinum oxidation state of 2.4. This latter complex shows
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o £ton o MNHzPn
MCi, + 2 + 2 PhiNH, T’ /M\
OH P o NH>Ph
oH
(-2H,0) | 2 @ (28)
COCH,

NPh=C{(Me)
s =2
NPh C(Me)-@

HO
similar metallic properties to K, s[Pt(oxalate)], [104].

The proceedings of an all-Scviet Union Seminar on the structure, proper-
ties and uses of metal3-diketonates have been published [105]. [Pd(acac),]
in pyridine 1s a homogeneous catalyst for the reduction of nitrobenzene to
aniline at 1 atmosphere H, pressure and room temperature. [Pd(acac)H-
(PhNO,)(py)], which appears to have structure (11) in the solid state, can be iso-

HO Jeol o) O

2+ 4 2 KOH N 7
[Pt(H,0), ] 2 —-H—ZO——> E /Pt\

HO Yo o oy o
(10)

4
R .
[N;+e] /z w H;0
o K, 6 [Pt(C404),]-2H;0

black
— O —Xxn~
o/ °
Pt d

] >,< ]
O O

violet tored

xn

L ©

//O

N| =

\\

, \[/
3 (2-x)n
S /|\

yellow

Scheme III
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lated from the reaction medium. In solution, the bond from the y-carbon to
palladium is probably replaced by a molecule of solvent [106]. The palladi-
um(II) and platinum(II) complexes of dibenzoylmethane react with ammonia
to yield a Schiff base complex {reaction (29)} [107]. Palladium(II) com-

Me PhNO>

Ph PhH o
Yy
Sl Va .
N < [clo,] + NHy; —e 4 >M\ [clo,] + H0 (29)
/ 2220 1534
Ph Ph

plexes of the isonitroso-B-diketone MeCOC(=NOH)COMe were prepared
because the isonitroso group >C=NOH can function ambidentately. Two
products could be prepared {reaction (30)}: in the first, the ligand was
bonded in a bidentate fashion, but reaction with PPh;, AsPhj; or pyridine
reduced one ligand to unidentate bonding through nitrogen [108]. 3-Hydroxy-
2-methyl-4-pyrone forms both cis- and trans-biscomplexes with palladium(II)
{(12) and (13)}. Although the ligand has a resemblance to pentane-2,4-dione,

it is displaced from (12) and (13) by amines which acetylacetone is not
[109]. When [M(acac)(y-acac)(PPhj;)] is refluxed in toluene with another

o
Me— C
k,[Pact,] + MeCOCCOMe ——e I I + 2HCI + 2KCl
NOH CMe
lwpn3 (30)
O o
1] t
Me—C.___.N Pad
I /Pd\ Me
Me” YO /N )
lo)
Me” YO
Me
AN oS AN,/ o
VAR
[P O/ \0 NGKe) O Ao o =
Me M Me
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B-dicarbony! compound one of three reactions may occur: (i) keto favouring
B-dicarbonyls such as dimethylmalonate, methyl- and ethyl-acetoacetates
replace only the y-carbon bonded pentane-2,4-dionate ligand; (ii) enol favouring
p-dicarbonyls such as dibenzoylmethane replace only the bidentate oxygen-
bonded pentane-2,4-dionate ligand; (iii) benzoylacetone either replaces only
the bidentate oxygen-bonded pentane-2,4-dionate ligand or both pentane-
2,4dionates [110].

Ethanoate complexes are widely used as catalyst precursors. This has cre-
ated a considerable interest in the structure and reactivity of platinum metal
carboxylates. The bridging ability of carboxylates RCOO™ falls off in the
order R=CH; > CH,Cl > CH,Br > CCl; > CF; [111]. [(PMe,Ph)CIPd-
(u-O,CMe),PdCl(PMe,Ph)] has two ethanoate bridging groups approximately at
right angles to each other, (14) [112]. [Pt(OCMe,),]4 involves a strong metal—

.
/C\pMe;_Ph
a o <.I\O a=2110(9) R; a'=2130(9) &,
b} /A P b=2260(4)A&, p=2273(3) A4,
< 7.? b)F"d c=2212(4)&, =22003)4,
a _ . ._
Me,PhP 5 Cl g d=204(1)R ; ag'=202(1)A
C
1
CHs
14)

metal bonded square of platinum atoms with Pt—Pt bonds in the range
2.493—2.501 A. Of the eight bridging ethanoates, four lie approximately in
the plane and the other four lie alternately above and below the plane; the
Pt—O bonds perpendicular to the Pt, plane have normal lengths (mean
2.014 A) whereas the eight coplanar Pt—O bonds are rather long (mean
2.157 R) [113]. )

The displacement of oxalate from [Pt(ox),]°” by chloride in the pH range
5.5—17.5 occurs sequentially as in reaction (31) [114].

2- 3-
oy o™
Q (@] - Q, - O, /Cl - Cl\ /Cl
L ) G = 4 RN R W
O/ \O C{ [e} C! [@] (4] O
Lo (e
) .
= [Prci, ] (31)

5.5.2.3 Bidentate oxygen—nitroger. donor ligands

Chelate complexes of palladium(IT) and platinum(II) with 8-hydroxyquino-
line (HL) have been prepared thermally {reactions (32) and (33)}}as well as
by displacement of one neutral and one anionic ligand {reaction (34)}
[115,116]. The 2-hydroxyazo dye (15) forms a 2 : 1 complex with palladium-
(II) (16) with log 8, = 22.86 [117]. 2,4-dihydroxyvalerophenone is a useful
gravimetric reagent for many metal ions that form 2 : 1 complexes with palla-
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165-
trans-[PA(HL),C1,] _les-260c_ trans-[PaL,] + 2HC (32)
180-260°C
cis-[PHHLLCL] —————a trans-[PtL,] + 2HCI (33)
170~180°C further tieating

trans- [Pt(HL LClp ]

E=Oors)
[PatepPny)ciccHcM] + \/l ¢ °r N 7N I .
N [ = + | (34)
EH PhyP—Pd—E Ph3P—Td-—N\ )

CHCN CH,CN

(sote product when E = §)

Cry,  OH CH3
e N s
CH3 cHy O}d——o CHy
@SER@ T
CH3
(18) (16)

dium(II), (17) [118]. 'H and '*C NMR are very useful for distinguishing the
two possible isomers, acolar and discolar, formed by. 2,2'-dihydrazobenzenes
(18) and (19) [119]. Pd—O and Pd—N stretching force constants have been
determined for (20) following an IR spectral investigation between 77 and
298 K [120].

CgHg
Ci C
N—OH =
1 ] g o
HO O'—F!’d—o OH 14 o\pa/py ll:d .
HO—N A Vi '%N—— 3
le] N o
CaHg
Me,C Me
Me,C Me
{(17) (18 ; acotar} (19 : discotar)

(20)

5.5.2.4 Bidentate oxygen—carbon doror ligands
2,4,6-triphenyl-3-benzoylpyrylium perchlorate reacts with [Pd(PhCN).Cl;]
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to form cis-bis(1,3,3-tribenzoyl-2-phenyl-g-allyl)palladium(II) {reaction (35)}.
Clearly the mode of coordination of this ligand depends very much on the
reaction conditions since, with palladium(II) chloride in water, the 2,6-
biphenyl analogue forms a w-allylic complex {reaction (36)} [121].

N P

v COPR Na [ ] /C=o\- °/0=c\

_ a[0,CMe
® - [c104]” + [PatPnCNY,Ci,] + HO0 ———— = PncOG Pd,.  c—copn  (35)

LT 2 EtOH, 50T N YN/

Ph 0O~ ~Ph /c—clH (I:H-c\
Ph co co Pn

Fh Ph

a=214(9) A&, p=2095(DA;
c =2074(14)R, 0 =2068(13) A

PhCO, ,COPh

COPh < - a
@ [C10,] + PdCl; + HO0 ———n HC{_——-PG\/ (36)
Ph Ph (l:H 2
coPh

An X-ray diffraction study of [Pd(PPh;)(py)(CH,CO,)] has shown the CH,CO,
ligand to be bidentate (Pd—C = 2.004(16) A; Pd—C = 2.093(11) A) [122].

V2N

5.5.2.5 Ambidentate oxygen—sulphur donor ligands

A vibrational analysis of a series of oxygen-bonded sulphoxide complexes
showed that the S—O stretching force constant (Fgo) was related to the M—O
stretching force constant by the relation (37). This implies a reduction of

Fso=—{1.24 + 0.2) Fyo * (8.78 + 0.12) mdyn A" (37)

the O, - Sg, double-bond character as the M—O bond gets stronger. Of the

metal ions studied, Fyo was greatest for Pt(II), next greatest for Pd(II) and

weaker for all the rest; the greater the electronegativity of M the greater Fyo

[123]. Cationic oxygen-bonded bis(dimethylsulphoxide) complexes have

been prepared by reaction (38). The corresponding mono(dimethylsulphoxide)
CH»Cl2-MesSO

> [M(d Me,S0),] X 38
[M(dppe)Clz]+2Agxm=Pd‘Pt;x=Cloq‘PF6[ (dppe)(Me;S0).] X, (38)

complexes {reaction (39)} are less stable. Although the platinum(II) complex
is stable, the palladium(Il) complex slowly loses dimethylsulphoxide. On
standing in solution, slow deoxygenation of the dimethylsulphoxide occurs;
this reaction is complete in 3 h for palladium(II) but incomplete even after a
month with platinum(II) {reaction (39)} [124]. Although dialkylsulphoxides
do not react with K,[Ptl,], iodo-bridged complexes can be prepared from the
chloro-complexes; these S-bonded dimethylsulphoxide complexes undergo

CH,Cl,-Me,SO
[M(dppe)Cl,] + AgX ——2 23 M(dppe)(Me,SO)CI]X

M=P4d, Pt;
X =ClOg. p:;;/ \
[M(dppe)(‘“ e,S)ClIX [Mx(dppe).CL1X; + 2 Me,SO

3[M;(dppe),CL1X; + Me,S (39)
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bridge cleavage with pyridine only {reaction (40)}, whereas the chloro- and
bromo-bridged analogues are also cleaved by ethanenitrile and dimethylform-
amide [125]. PhSOCH,CH,SOPh forms complexes with PtCl, in which both

2 K[Pt(R,SO)CL] + 4 KI 23 [Pt(R,SO)L,], + 6 KCl

L(=MeCN
pyordmf)

the meso- (21) and rac- (22) forms of the ligand are coordinated; in the meso-

complex the platinum is slightly tetrahedrally distorted from square-planar
whereas in the rac-complex it is close to square-planar [126].

(40)
trans-[Pt(R,SO)(L)I;] '

01\Pt _a cL_ . t/m
O\s-/ \S/o O\s/ \S/Ph
pt’ NCH,—CH;  “Ph P’ ScH,—CH; YO

(21) (22)

Passing SO, through a solution of palladium(II) ethanoate and styrene in
glacial ethanoic acid at 20°C yields [Pd(O,CMe)(CH,=CHPh)(HSO;)], which
contains O- and S-coordinated bisulphite bridges [127]. Heating 2,2,5,5-
Me,CsH,OCS,Me with [Pt(PPh;),] yields [Pt(PPh;),(S,C0)], together with a
series of olefins [128]. PACl, reacts with sodium monothiobenzoate to form
[Pd(PhCSO),] which, IR spectroscopy suggests, involves virtually unidentate
Pd—S bonding [129].

'5.5.2.6 Bidentate oxygen—sulphur donor ligands
The monothio-3-diketones, ArC(SH)=CHCOCF;, react with palladium(II)
and platinum(II) to form cis-complexes [130]. :

5.5.2.7 Unidentate sulphur donor ligands

PtS has a more open structure with internal channels than PdS; on increas-
ing the pressure to 30 Kbar, PtS undergoes a phase transformation to a phase
that is isomorphous with PdS. The ambient and high pressure phases of PtS
are diamagnetic semiconductors with electirical band gaps of 0.32 and 0.19
eV, respectively [131]. The stabilization of palladium(II)-sulphur complexes
appears to require a bidentate phosphine, whereas for platinum(II) mono-
dentate phosphines are adequate. Thus, tetrasulphide complexes of palladium-
(I1) (L, = Ph,PCH,CH,PPh,) and platinum(II) (L; = 2 PPh;) can be prepared
from sodium polysulphide {reaction (41)} and by reduction of [NH,],[Pt'V-
(S5)3] with PPh; {reaction (42)} {132,133]. Simple sulphide complexes can
be prepared using sodium sulphide; again palladium(II) requires a bidentate

/S'—'S
Na,S, + [ML.Cl,;1 > LzM\ | (41)
S—8
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[NH,L[Pt'V (S5);1+ 5 PPh; ~ [NH;L[Pt(S;).] + 5 SPPhy

—_— 58 (42)
LPt | |+ [NH,]1,S + 5SPPh,
S—S

phosphine whereas platinum(II) does not {reaction (43)} [134]. HS™ and
HSe™ complexes have been prepared following reactions (44) to (47)

[ML;Cl,] + 2 Na,§ - 9 H,0 — Pj“:f‘ -7, Naz[PdLy(S),] + 2 NaCl + 9 H,0
= . = pes
M=Pt, L2= PPh3 (43)

[134,135]. The role of the bidentate phosphine for palladium(II) is probably

[Pt(PPh,),Cl,] + 2 H,S + K,CO; 222%!2 [Pt(PPh;),(SH),] + CO,

+2 KCl + H,0 (44)

[Pd(dppe)Cl,] + 2 H,S + 2 NEt; 2228 [pd(dppe)(SH),] + 2[NEt,H]Cl (45)

[Pt(PPh,),Cl,] + 2 NaSeH ZtoH/benzene (o4 pph.).(SeH),] + 2 NaCl (46)
[Pd(dppe)Cl,] + 2 NaSeH ZtOH/benzene rp 4 (dppe)(SeH),] + 2 NaCl 47)

to stabilise the cis-geometry, since the platinum(II) products are all cis. The
influence of the ionic medium (HC1O,, KOH or KNO;) on the stability of
platinum(II) —unithiol complexes has been shown to be considerable [136].
By comparing the S, ;,, binding energies in the X-ray photoelectron spec-
tra of cysteine, HOOCH(NH,)CH,SH, and penicillamine, HOOCCH(NH,)C-
(SH)Me,, and their palladium(II) and platinuim(II) complexes, it is possible
to distinguish sulphide (M—SR) and thiocether (M—SR,) coordination {137].
CeFsSH reacts with K,[PtCl,] to form [Pt(SC¢Fs),]>~ [138]. Stability con-
stants for ligands trans to thiourea in platinum(II) have been determined at
25°C in 0.1 M KNOj; {reaction (48)} [139]. Rhodamine (28) forms a series of
complexes with palladium(II) and platinum(II) in which it bonds, either ter-

trans-[Pt(NH;),({NH,},CS)C1]" };%_o trans-[Pt(NH;),( {NH,},CS)(H,0)]**
o 1[ - (48)
trans-[Pt(NH,;),({NH, } ,CS)(OH)]"

OTNH
S/LS
(23)

minally or as a bridging ligand, through the thiocarbonylic sulphur [140].
SCl, forms trans-[PdC1,(SCl,;)], [141]. On heating trans-[ Pt-
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(SCH,CH,CH,),Cl,] it isomerises to the cis-complex [142]. Cis- and trans-
isomers of [Pt(Bu,S),Cl,] have been separated by thin layer chromatography
[143]. Cis-[Pt(Et,S),(0,CMe),] is a useful starting material because all four
ligands are modest donors and can readily be displaced {reaction (49)} [102].
The reactions of {(but-3-enyl)butylsulphide }dichloropalladium(II) with terti-

[Pt(EtzS)zClz] + 2 Ag02CNIe ind C&'[Pt(EtzS)z(OzCMe)zl
ArSH

rapid PPh3y
[Pt(Et,S),(SAr),] cis-[Pt(PPh3)(Et;S)(0,CMe),]  (49)
I, slow PPhj
[Pt(Et,S).1,] + ArSSAr [Pt(SAr).l. [Pt(PPh;),(O,CMe).]

ary phosphines have been studied {reaction (50)} in an attempt to prepare
the, as yet non-existent, complex cis-[Pt(PPh;),Cl,] [144]. S-bonded palladi-

(BuS N
\ /Cl PPhy CH, .
21 (CH,), Pd\ —— |CL,(PPh;)Pd—1| PdCl1,(PPh,)
Sery”
CH\ CH; S—Bu
CH,
- - (50)
2PEt3 ) /Bu
[Pd(PEt3)2Clz] + trans-[Pd(S )2012]

“\(CH,),CH=CH,
um(II) and platinum(II) complexes of ethylthioglycolic acid (EtSCH,COOH)
trans-[ M(EtSCH,CO,H),Cl,] have been prepared starting from K,;[MCl,]
[145]. Although thiamine (vitamin B,) (24) prefers to bond to platinum(II)
through N, of the pyrimidine ring, tetrahydrothiamine (25) bonds through
the thioether donor [146].

NH2 NH, Me
N CHay Me N CHz—Zj\
i ! \; 1 CH,CH,OH
Me’LNf Ls CH,CH,OH Mej\lx/ S 2=
l_qux~ H*X™
(24) (25)

5.5.2.8 Bidentate sulphur donor ligands

Thioacetic acid reacts with K,[PdCl,] to give a series of complexes [Pd-
(CH;CS;);],. {reaction (51)}. X-ray diffraction shows (26) to have alternate
mononuclear (z = 1) and binuclear (n = 2) units on an axis. In A, the binu-
clear units form linear chains of directly interacting palladium atoms through
stacking in columns. The Pd—Pd distances are shorter than in (26), at
2.738(1) A within the dimer and at 3.257(1) A between dimers. Although the
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K,[PdCL,] + 2 CH,CSSH —25 (26) =—=2-—

= A
[
1
\ /: (51)
. B
a, recrystallisation in the presence of CS,

b, sublimation; ¢, recrystallisation from henzene

detailed structure of B is uncertain, it appears to be a mixture of monomeric
and dimeric species. The monomeric and dimeric [Pd(CH;CS,).], units co-

exist, not only in the solid state but also in solution and in the vapour phase,
indicating that they have very similar stabilities [147]. A series of di- and tri-

a
d
cHa—c] Seral Sc—cH, a=23315 A:;
Ne” N7 .
s7 i 7S b=3399(1)4&,
St c=2754(1 4,
Pt
CHy—c s ;.:a\e s da=23105) &,
N s \ e=2324(6) &
CH3—C : C—CHj;
\S—>Pd\—- -s”
s\c\
CH
(26)

nuclear CS, complexes have been prepared by treating CS, complexes with
palladium(II) or platinum(II) species {reactions (562) and (53)}. A variant of
the basic metal—CS, interaction is provided by reaction (54), where a trithio-
carbonate bridged complex is formed [148]. The electrochemical reduction

~ M = Pd or Pt Frns /S\ /F’Ph3
2 [PttPPh(CS,)] + [M(PPh3)2Cl]2[BF4]2 2jci—pt=cl M [Br,] (52)
ben, S PPh;

s PPh,
2 [(nicsns)(cmzr:e—c(: el :] [eg ]
s

ﬂ?t cePny),cll [BR ],

s
2 [(nS—C5H5)(CO)ZFe—C€_S:| (63)

m s S J
)

VAU N
(n3-CgHg ) (CO)Fe—Cl ,Pt\s,yC—Fe(CO’zms-CsHs

) /_S\ /PPh3
Na,[crco),] + cs, + [PtPPhy)Cl] —e (cojcr—s=c{ P | + 2naci (54)
3
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of [IM(M'S; ;1> (M= P4(II) or P&(II); = Mo or W) leads to reversible for-

matlon of the formally monovalent (Pd) or zerovalent (Pd and Pt) products
[149]. 3-Indoledithiocarboxylate forms 1 : 2 complexes with palladium(II)
and platinum(II) [150].

Bifunctional mercaptans and selenomercaptans, HE(CH,);EH (E = S or Se),
react with [ML,Cl.] (M = Pd, L, = dppe; M = Pt, LL = PPh,;) to form bidentate
sulphide or selenide complexes [ML, {S(CH,);S}] [151]. Similarly, 6-nitro-
guinoxaline-2,3-dithiol (27) and 2,3-dithiolobenzo(g)quinoxaline-5,10-dione
form (EtsN),[PdL,] [152]. A series of unsaturated cyclic five-membered

GO

X"~N" sH
27)

disulphides react with [Pt(PPh;),] to give sulphide complexes {e.g. reaction
(55)} [153].

S J .\_i
[Pterengy, ] + | R
s: :;G

Multidentate thioethers such as RSCH,SCH,SR react with K,JMCL] (M =
Pd or Pt) to form [MClz(RSCstC,HzSR) ], in which only the terminal su}phur

donors coordinate {154]. Compiete coordination of all four suiphur donors
of a series of aliphatic and partially aromatic tefrathioethers has been accom-

1imla n - +land } TP M
plished by ensuring that no halide ligands are present, since this allows cnly

bidentate coordination to any one metal atom {reaction (56)} [155]. A

(55)

MeCN

[M(MeCN),Cl,] + MeS(CH,)3;S(CH,),S(CH,);SMe + 2 Ag[ClO4] ——

e rm A CtrrtET ORA PR 5 wA 120N
v)

[M {MeS(CH,);S(CH,),S(CH,);5Me} 1 [CiO4], + 2 AgCl + 2 MeCN G

series of dithioether complexes of palladium(II) and platinum(Il), cis-{ MLX;]
and [ML,] [ClO,4]. (with L. = RS(CH,),SR, R = Me or Ph; n = 2 or 3), have
been prepared and their spectra reported. Variable temperature NMR studies
show that the rate of inversion at coordinated sulphuris M =Pd > Pt and X =
I > Br > Cl.PhS(CH,),,SPh (m = 6 or 8) yield polymeric { Pd(L.)X,], complexes
whilst PhS(CH,),,SPh forms monomeric ¢rans-{fM(L)Cl,] [156]. Other
bidentate thioethers studied include (28) (Y = H, Br or SMe) [157] and ethyl-

P 1

ene(bisthioglycoliic acid) [158], the iatter forming water soluble paiiadium (1)
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complexes whose stability constants have been determined. The electron
rich tetrathioether (29) readily cleaves the chloride bridge of [Pt(PEt;)Cl,].,
S-dealkylation occurring at high temperature {reaction (57)} [159].

PUPEL L] +EtS\C—C/SEt enon, EtR_ _BtS. SEt PEts
3 212 -

2o, P C=C
B sEs oo o ot / LS

\ o a
(29) EtS J SEt
120°C, 2h \xvlene 120°C. 2h | xylene (57)

Et,P S——n_S Et,
D \/P<P
et Ets—C—SEt Cl1

Interest in metal di- and tetrathiolenes has been sustained because of their
remarkable electrochemical and one-dimensional anisotropic conductivities
and semiconductivities [160—163]. Complexes of the tetrathiosquarate
anion [C,S,]°” have been investigated because of their potential as one-dimen-
sional conductors {e.g. reaction (58)}. Their electrical properties including

I A NN o
nay[Pac,] +Ky[Cas] ——= K, _Pd jg\]/ _pa (58)
Ct s? g of] ’

the temperature dependence of their semiconductivities are similar to those
of the dithiolenes {164].

5.5.2.9 Ambidentate chalcogen—nitrogen donor ligands

13C NMR spectroscopy is a valuable technique for determining the mode of
coordination of SCN™ and SeCN" since the order of increasing '*C shielding
is M—NCS(Se) < NCS(Se) < M—S5(Se)CN, although with OCN™ the order is
NCO < M—NCO [165]. Cis-[Pt(py).(SCN).] isomerises to the trans-product on
heating to 90°C [166]. An X-ray diffraction study of trans-{Pd(Te-
{(CH,);SiMe; } ;).(SCN),] has found a Pd—S distance of 2.310(3) A, which is
rather shorter than the sum of the covalent radii and implies the presence of
some w-bonding between the filled p,-orbitals of sulphur and the empty p.-
orbital of palladium [167]. A series of platinum(II) complexes [Pt(PPh;),L]
(with L = S;N,, S,N,H; or S;N,) have been reported [168]. A normal coor-
dinate analysis has been carried out on [Pd(S;N).] [169]. Of the thiobenz-
amide complexes [Pd(PhCSNH;),X,], all involve Pd—S bonding; the chloride

complex is cis- whereas the bromide and iodide complexes are trans
[170,171].

5.5.2.10 Multidentate sulphur- or selenium—pnictogen donor ligands
When (30) is hydrolysed in the absence of metal ions (31) is formed,
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O O

R
N
R TN—N O ci,Pd !
N

NH2

(30) (31) (32)

whereas in the presence of PdCl,, (32) can be isolated [172]. Thiosemicar-
bazides, thiosemicarbazones and sym-dibenzylthiourea all form palladium(1I)
complexes in which they act as bidentate S/N donors [173—175]. The
kinetics of ring closure by (H,NCH,CH,),S suggest that, compared to
(H,NCH,CH,),NMe, more strain is involved in reaching the transition states,
with the second ring closure involving more steric strain than the first. The
extra strain is ascribed to the greater Pt—S as opposed to Pt—N bond length
[176].

Earlier suggestions that the S-dealkylation of coordinated thioethers occurs
in a manner similar to the Zeisel ether cleavage have received further support
from the observation that, in addition to dimethylformamide, nucleophiles
such as thiocyanate or iodide can promote S-dealkylation {reaction (59)}.

PPh SCN PPh SCN

. 7 _  CDiCN N

_JPa + SCN™ — o= /Pd + MeSCN (59)
SMe SCN s SCN

Only MeSCN, and not MeNCS, is formed suggesting that the reaction
involves nucleophilic attack by NCS™ on the thioether sulphur atom [177].
Thioanilides react with Na,[PdCl,] to form complexes which react with
wet dimethylsulphoxide to yield amides {reaction (60)}. The net result is
desulphurisation of the thioanilide, which can be made catalytic [178].

ZAAN

. NHCOR
AFNHCSR + Nay[Pdcl,] —229H. N\=C>5 _wel o 60
2 4 P Me,50 (60)

—« Y

Attempts to prepare binuclear palladium(II) and platinum(II) complexes
(83) in order to look for novel chemistry at the bridgehead Z position have
z
MM
|
(33)
shown that if X = O, Z must be agood bridging ligand, although when X = S,
weaker bridging ligands, Z (such as carboxylate) can be accepted [179—181].

C\/\/

5.5.2.11 Multidentate sulphur—carbon donor ligands

a,B-unsaturated thioamides react with Li,[PdCl4] to form much stronger
complexes than their oxo-analogues, suggesting strong coordination through
sulphur is involved {reaction (61)} [182].
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!\IAe thf Ha  nalcHicoome,] -
(/CYNHZ + wy[Pacl] —— ., />—-<\ -
CHx g 2C Me
PdC!z NH3
(MeOOC),CH— c—<\S {61)
a9
A

5.5.2.12 Selenium donor ligands

The fluorinated diselenoethers, CF;SeCH,CH,SeCF; and
CH;SeCF,CF,SeCHj;, readily form [M(Se Se)Cl,] (M = Pd or Pt) whereas, of
the sulphur analogues, only CF;SCH,CH,SCF; forms a complex and that
only with platinum(II). Thus in these fluorinated ligands Se is a better donor
than S [183]. Diselenocarbamate complexes have been studied electrochemic-
ally {184], by ""Se NMR spectroscopy (which shows conclusively that the
NMR equivalence of the two diselenocarbamate ligands in [Pt({Me,CHCH,}
({Me,CHCH,} ;NCSe,;),(PR3)] occurs by an intramolecular not an intermolecu-
lar mechanism) [185], and by X-ray diffraction (of [Pt-(Et,NCSe,)]) [186].
The last result shows that Pt—Se bonds are susceptible to weakening and
lengthening by high trans-influence ligands such as methyl groups.

5.5.2.13 Tellurium donor ligands

A number of trans-[Pd(TeR,},X,] (X = Cl or SCN) complexes have been
prepared and characterised. An X-ray diffraction study of trans-{Pd(Te-
{(CH,);SiMe;3},);(SCN), ] has shown that the configuration at tellurium is
pyramidal, with a stereochemically active lone-pair of electrons at one corner
of the tetrahedron. The Pd—Te bond length (2.606(1) A) is only slightly shor-
ter than the sum of the covalent radii (2.63 A), suggesting little, if any, Pd—Te
m-bonding [167].

5.5.2,.14 Molybdenum donor ligands

An unusual platinum(IT)-molybdenum complex has been prepared, by reac-
tion (62), with fairly short Pt—Mo bonds (2.889(2) A), which suggest strong
Pt—Mo bonding [187]. The Pt—Mo stretching vibration is assigned to a band
at 156 em™'.

[ _OEt
cis-| PtIC (C¢H1:NC)Cl, |+ Na[Mo(n5-CsHs)(CO)s]
| “NHCH,,)

NH  OEt

oc co ¢’ @
N |

OC —MO —— Pt —— Mo ~CO (62)

il\
S
(5
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5.5.3 Complexes with amino-acids, peptides, nucleic acids and other biologic-
ally important molecules
There is an increasing interest in the interaction of platinum(II) and palladi-
um(II) complexes with biologically important molecules. This follows from
the discovery that cis-[Pt(NH,),Cl,] is active against certain tumours. Since
most biological molecules bind through N, O or S donor sites, it is appropri-
ate to consider such molecules at this point.

5.5.3.1 Amino-acids

Platinum(II) complexes of both unidentate and bidentate $3-alanine (AH),
K[Pt(NO,),A] and [Pt(NO,),(AH),], that also contain nitro-groups, have
been reported [188]. A thorough investigation of the complexing ability of
methionine with palladium(II) has led to the synthesis of complexes in which
methionine is unidentate (through S), or bidentate through either S and N or
(under alkaline conditions) S and O [189]. Similarly, cysteine bonds to pla-
tinum(II) through O, S or N, the exact mode of coordination being critically
dependent upon the pH [190]; S-methyl cysteine and glutathione have been
shown to bond through S and N {191,192]. X-ray diffraction studies of [Pd-
(L-tyrosinate);], [Pd(L-serinate),] and [PdCl;(DL-methionine)] have been
reported [193—195]. Solution and solid-state circular dichroism studies of
amino-acid complexes of palladium(II) [196] and platinum(II) [196, 197]
show a fairly consistent pattern which is opposite to that of dipeptide com-
plexes, although at present there is insufficient structural data to understand
why this should be so. Stability constant studies have been reported for
[PACL]*~ with glutathione [198,199], and for palladium(II) and platinum(II)
with aspartic, glutamic, aminoadipic and aminopimelic acids [200]. The
alkaline hydrolysis of glycine chelates of platinum(II), which occurs with ring
opening, has shown the formation of stable hydroxo-complexes {reactions
(63) and (64)} [201]. The kinetics of ring closure by serine and 3-phenylala-
nine on platinum(II) have been studied [202,203].

K=34X 103

[Pt(en)(gly)]’ CI" + OH"
40°C: 0.1 M KNO3

[Pt(en)(gly)OH] + CI” (63)

. OH ;K =3. 3 _ - K=8 5 -
cis-[Pt(gly),] =—=E=3%X10 1p 10y, (OH)] L KE=80X10 1 py(aly),(OH), |
40°C; 0.1 M KNO, (64)

The cis to trans isomerisation of ecis-[Pt(glycine),X,}], X = halide, occurs
exothermally [204]. The thermal stabilities of a series of platinum(II)—
glycine and —haloglycine complexes have been determined [205,206].

5.5.3.2 Peptides

Glycylglycine and glycyl-a-alanine bond to platinum(IV) as monodentate
ligands through their—NH, groups [207]. Glycylmethionine and «-alanyl-
methionine react with CiS"[Pt(NH3)2Clzl and Cis-[Pt(NHg))z(HzO)z] [NO3]2 to
form complexes in which the thiocether moiety is coordinated to platinum
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[208]. Cyclo-L-methionyl-L-methionine acts as a bidentate thioether ligand
towards PdCl, and PtCl, [209]. '"H NMR studies of the palladium(II) com-
plexes of alanyltyrosine and D-leucyltyrosine have shown that the mode of
coordination, which is pH dependent, plays an important part in determining
the conformation of the dipeptide in solution [210].

5.5.3.3 Nucleic acids and nucleosides

The complexes formed between platinum(II) and DNA constituents have
been reviewed [211]. The interaction of cis-Pt''(NH;), with imidazole, pyri-
midine, inosine and guanosine has been studied by '*C NMR spectroscopy,
for which water is a far superior solvent to dimethylsulphoxide because with
the latter solvolysis and exchange effects significantly reduce the '’C NMR
resolution [212]. Although only one diastereoisomer of the guanosine com-
plex is obtained in the crystal, two diastereoisomers which interconvert rapidly
are present in solution [213]. Inosine-5-monophosphate binds to cis-Pt"-
(NH,), through N7 [214], inosyl(3’-5")inosine binds through N’ in each ring,
and adenylyl(3'—5')adenosine binds through N7 in only one ring [215];
adenine in trans-[Pd(PBuj),(adeninate),] is also bound through N7 [216].
Equilibrium constants have been determined for the interaction of cis-[Pt-
(NH;),(H,0).]** with 1-methylguanosine, 7-methylguanosine and 1-methyl-
adenosine [217]. The use of spin labelled complexes [PtCl,(NH,Y)] (where
Y =(34) or (39)) yields both quantitative and qualitative information about
the site of platinum(II) interaction with deoxyguanosine [218]. Crystal
structures have been reported for [Pt(dien)(inosine)]J[NO;], - H,O, [Pt(dien)-

H

o)
Me N
—\ N ~cH
N—O N—O )\ l 4
_\—7< o>

Me

(34) (35) (36)

(guanosine)][ClO41,, and [ThH]{Pt(Th)Cl;] (Th = theophylline = (36))
[219—221], as well as powder diffraction data for [Pd(imidazole);]Cl,, [Pd-
(N-Me-imidazole),][PdCl,] and cis- and trans-[PtCl,(N-Me-imidazole),]
[222,223].

Circular dichroism has been used in studying the interaction of palladium-
(II) with gelatin; the nature of the donor groups involved depends on the pH
[224]. Thyamine in “platinum-thymine blue” is probably bound through N*,
since the crystal structure of [Pt(NHj;),(thymine)(1-methylcytosine)][ClO,]
shows such coordination. There is, however, evidence that thymine can also
bind platinum through N? [225]. The “platinum blue” formed by 1-methyl-
nicotinamide has been prepared, but its structure is unknown [226]. The
degree of binding of cis-[Pt(NH;).(H,0),]** to four homopolynucleotides
has been studied spectrophotometrically [227].

1SN NMR spectroscopy yields !N chemical shifts and '?*Pt—'°N coupling
constants that provide a potentially very useful technique for determining
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the mode of binding of nitrogen donors in cells to cis-Pt(NH;), [228]. Both
cis- and trans-[ Pt(NH;),Cl,] bind and produce cooperative changes in closed
and nicked circular duplex DNA’. Covalent binding of both complexes to
closed circular DN A alters the degree of supercoiling, presumably by disrupt-
ing and unwinding the double helix [229]. [Pt(bipy)(H,0),]** reacts with
DNA to form an initial intercalation complex between the DNA bases and
then, in a second step, coordinates to vertically-positioned nitrogen donors
belonging to adjacent bases [230]. A similar effect occurs when [Pt(2,2',2"-
terpy)(SCH,CH,OH)]" reacts with both deoxycytidyl(3',5')-deoxyguanosine
[231] and polyadenylatepolyuridylate [232]. The introduction of bulky
groups into platinum(II)-dipeptide complexes has been shown by 'H and '*C
NMR spectroscopy to modify their coordinating ability towards ATP and
ADP nucleotides [233,234]. During the course of studying the binding of
cis-[ Pt(NH;3),Cl,] to polynucleotides, it was found that “platinum blues®’ are
formed with polyuridine, thymine and uracil, and that these ‘‘platinum pyri-
midine blues’” have high anti-tumour activity across a broad spectrum of
tumours and low renal toxicity, as compared to that of cis-[Pt(NH;),Cl,]
[235]. Since their compositions were uncertain, a model complex with a-pyrid-
one was prepared, [ Pt,(C;H;NO),(NH,), 1. [NO; ] - H,O, which involved [Pt,-
(NH;)4(C H4NO), ] units, (37); it was found that the amidate nitrogens

%Yo\‘pt/NHa a =2 277; R,
2]
SN H S NH b-2064,
=~ ~0 |? NH3 c =204k,
\d e 3
2 Pty d=2054.
SN NH-3
(37)

appeared to labilise the ammonia ligands trans to them, which suggests that
the platinum(II) atom of cis-[Pt(NH;),Cl,] may bind to DNA through four
coordination sites rather than two as normally considered. This lability would
be consistent with the ineffectiveness of trans-[Pt(NHj;),Cl,] where no labiliza-
tion of ammonia would follow DNA binding {235].

5.5.3.4 Cancer therapy and related topics

Following the approval of cis-[Pt(NH;),Cl,] for use in cancer therapy in
both the U.S. and the U.K. [236], a large number of platinum(Il) and palladi-
um(II) complexes have been screened. Useful compounds include cis-[Pt-
{trans-1,2-cyclo-CgH4(NH,), } (BrtCH,CQ,)] [237], cis-[Pt(histamine)Cl,]
[238], cis-[Pt(2-aminomethylpiperidine)Cl,] [239], and a number of palladi-
um(II) amine complexes (although these appear to be less effective than their
platinum(II) analogues); cis-[PA(NH;),Cl,] and [NH,].[PdCl,;] are effective
antivirals [240].

Since it has been suggested that the antibiotic action of tetracyclines may
be related to their ability to form complexes, the reaction of cycloserine (3&)
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CIH,—CH —NH,

N N
N/ (o]
!
H
(38)
Y =M1 D ~ erinld FAAY 1 AT
with Kzlxv{&} (I\V'I =Pd or Pt, = i1, DI OF 1) o YiciG lxuuzuxzj, Luxu3u1.2_|2

and [MI;1,1, has been studied. It is claimed that cycloserine always binds
through the carbonyl oxygen [241].

5.5.4 Complexes with Group (V) donor ligands

5.5.4.1 Unidentate amines

Interest in [Pt(INH;),4]>" salts has continued with studies of the far IR and
Raman spectra of Magnus’ Green salt {242], a full normal-coordinate analysis
of [Pt(NH;),]1** [243], the thermal decomposition of [Pt(NH;),ICl, - H,O
[244] and the polarised crystal absorption spectrum of [Pt(INH;),1[SO,]
[245] Ammine complexes of platinum(II) have been prepared by displacement
of agua and chloride ugauub la&o,a«t 7 _| The barriers to un; torsions have
been shown to be low by inelastic neutron scattering [248]. Solid phase ther-
mal transformation of [AmH],[PdBr,] becomes easier the more basic the
amine [249].

195pt—!SN coupling constants in trans-[PtCl,(**NH,C¢H,3)L] have been
recorded for a range of L ligands; they vary from 138 to 336 Hz, and corre-
late linearly with 'J19sp,_31p in trans-[PtCl,(PBu;)L]. The amine complexes
were prepared by reaction (65).:The initial product is usually the trans-isomer

15 lS
[PtLCL 1, + 2 CgH, 3 SNH, — 2[PtCL(CH, ;' SNH,)L] (65)

which is sometimes the only product, sometimes isomerises to the cis-isomer
and, in the case of arsine ligands, disproportionates [250]. Pent-4-enylamines
with methyl substituents on the 1, 2 or 3 carbon atoms cyclise in the pre-
sense of [PtCl,]*” to yield the corresponding cis- and trans-dimethylpyrrolid-
ine in a reaction that occurs with marked region- and stereoselectivity, as con-
firmed by X-ray determinations of the crystal structures [251].

A study of the kinetics and equilibria of the reversible redox reaction (66)
has led to the suggestion that the reaction involves two successive one-elec-

tron transfer steps [252].

[Pt(NH;3)3]%" + 2 Fe3* + 2 Br™ = trans-[Pt(NH;)4Br,}** + 2 Fe?* (66)
5.5.4.2 Heterocyclic nitrogen compounds
Palladium(II) and platinum(IT) complexes of pyrazine-2,5-dicarboxylic acid,

(39), have been prepared as potential semiconductors; they have high resistivi-
ties [253]. 2,5-diphenylpyrazine, (40), forms a palladium(II) complex, which

HOOC N Ph N HQQC
s N
N Ph COOEt

(39) (40) (41)
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reacts with carbon monoxide in ethanol to yield (41) [254]. Cis-[PtL,Cl;]
(where L is a pyrimidine) have been prepared and isomerised to the trans-
products by heating in dimethylsulphoxide [255]. Olefins react with 5-iodo-
pyrimidines, in the presence of [Pd(0O,CMe).] and triphenylphosphine, to give
cross-coupled products; 2- and 4-iodopyrimidines, by contrast, couple together
independent of the presence of olefin {reactions (67) and (68)} [256]. A
sories of palladium(Il) and platinum(II) imidazole and benzimidazole com-
plexes have also been described [257—260].

Ne Me

NG Pd(O;CMe), + PPRy T NCHECH N
\“\ L + PRCH=CH, - | 4}\ (67)
IR EY N7 Cme,H
XK Me e
3 7
o RN Po(OroNeY, + PRma = =\
3\\ B —— \"\\_—,\—\\ N (68)
Iae T SNTTTNONe s NN ,\‘»—-'<
CShea s e, s

3.5.4.3 Bidentate amines

A wide range of complexes of bidentate amines have been described [261].
These include complexes of 2,6-diaminopyridine, of which the [PtL.Cl;] com-
piex shows high antimitogenic behaviour [262], (HOOCCH,NHCH.), and
~ita [283,264], a series of optically active amines [265] including R,R- and
R,S-H,NCH{Ph)CH.CH(Ph)NH; [266], R-NH.CH(Ph)CH.NH; {267}, N-alkyl-
substituted(S¥-1.2disminopropanes [263], §.5-2,4-disminopentane (for
which both CD spectroscopy and X-ray diffrection have been used to study
the hisdiamineplstinum{Il} cstion) [269]. ¢is-3,5-diaminopiperidine (which
filad 1o yiRid an ocishadrs! pelledium{T) complex) [270]), Ma-N-
(CHLTH NN (which only coondinstes 10 pelladium{il) as 2 ideniate Fgznd)

271} Seminoquinaline {2727, snd M N{CH-L.\NM2. iz = 5, 7 or 10: whikh

ke Ma NX=CHCH L CH=XXMa. forms s JPa0 (Bemine - 18
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with the N-donor adjacent to (CH,), protonated; when r =6, 7, 8 or 10,
{PdCl(cyclo-N3)]1[ClO,] is formed, in which the ligand is tridentate with the
(CH,), chain spanning two trans-sites [277]. Preparative details for the forma-
tion of (Me,NCH,CH,);N, Me.dien and MeEt,dien complexes of the form
[PACl(polyamine)][PF] and an X-ray diffraction study of [Pd(dien)Br],-
{PtBr,] have been published [278,279]. The cyclophosphazene (NPMe,),
forms a complex with platinum(II), (42), in which the ring is in a saddle con-
formation with o- and w-type interactions between the platinum and the

ring [280].

Me P —N—PMe
e 2
‘ L
N/ \N

Me, P—N-—PMe;

(42)

5.5.4.5 Imines

X-ray diffraction has shown that the methyl groups in [Pd(n3-C;H;)(8,8"
dimethyl-2,2’-biquinoline)] [ClO,4] would severely clash with the n3-allyl
ligand were it not for the palladium atom lying 1.10 A out of the plane of
the bidentate biquinoline ligand, which results in the nitrogen atoms being
pyramidal [281]. It has been confirmed [282] that hydroxide attack on bis-
(2,2'-bipyridine)platinum(II) complexes occurs on the platinum atom, and
not on the bipyridine ring, as suggested earlier [283,284]. Palladium(II) and
platinum(IT) compiexes of the benzodiazepines librium, mogadon and valium
have been characterised [285]

X-ray diffraction has been used to determine the structures of (43)—(45)

NP
OMe il c
é a(|:l Me ll>d/ IH
H--== P
rSn—pg2ng oAl
Me3CNH | Ne —NHCMes N
Me C| | - C¢ \Me
OMe A a=2306(1) 4
a=2307(NA b=246 &;
b=2017(5) & N o c=2014(4) &
P T
(43) R \l?v/ (44)
Cl—pg-2Ct
a3
P W
for R=-CgHy: a=202 &; b=231A.
tar R = —CHMe,: a=2008 A; b=23024

(45)

[286—288]. A number of papers have appeared concerning the structure of
hydrazone complexes which have been shown to exist in two isomeric forms
(46) and (47), which differ in the mutual orientation of the hydrazone
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Uy T v
| Ci 3
RE¢. T N—R? RN N—R
N—Pd—N N—Pd-—~N
' 4 |
RN 4 c—Rr? RZ—C‘ & c—r?
,ga R R R
(46) (47)

ligands [289—292]. The a-diimine skeleton in Me;CNCH=CHNCMe; is very
flexible, bonding in both the trans-form between two platinum(II) atoms and
in the cis-form as a chelate ligand [293]. N,N '-diarylformamidines and 1,3-
diaryltriazenes, RN=CH—NHR and RN=N—NHR, act as unidentate ligands

in [Pd(n3-C3H;)CI(L)] complexes, which are fluxional due to exchange™
between the two nitrogen donor sites [294]. Palladium(II) and platinum(II)
complexes of the macrocyclic Ny ligands (48)—(50) have been prepared [295—

g
Meﬁ/ \ﬁMe 1
N N—
N\ /N \M/
Pd\ _N/ \N
N/ N {
Il Il
MeC\C/CMe —J

Pd—N = 1996(5) R average (49)
(48)

N
s
Ph—N" N)—me
—N

w—w\ N=N
™M
N=N N
=

Me—Q. /N-—Pn
N

(50)

2971. The electronic properties of both palladium(II) and platinum(II) por-
phyrin and phthalocyanine complexes and their derivatives have been studied
[298—300]. The amide ligand (51) reacts with K,{PdCl,] to form a complex



176

in which the amide groups are deprotonated and all four nitrogens bond to
palladium(II) [301]. A similar complex is also formed by the oxamide (52),
although this also forms complexes in which the amide nitrogens are proton-
ated and only the pyridines bond to the metal [302].

Triazabutadiene and cyclopalladated oxime complexes (53) and (54), con-

fanY R _om
(/\o o~ / \ / \ /©[ Co o@it?
(’C\_}) \ C\ N “ i o‘) K/o\_Jo w
H

(63) (54)

taining crown ethers, have been described [303]. X-ray diffraction and
resonance Raman spectroscopy have been used to study the bis(dimethyl-
glyoximate) complexes of palladium(II) and platinum(II) [ 304,305]. Other
oximes studied include 4-chromanone oxime [306], 2,3,6,7-octanetetronetetra-
oxime (whose palladium(II) complex can reversibly take up carbon monoxide)
[307], phenylazoacetaldoxime [308], 1,2-benzoquinonedioxime (which forms
a completely delocalised m-electron system, and whose complexes on partial
oxidation with iodine have ‘“‘one-dimensional electrical conductances®’)
[309,310], alkyl- and aryl-a S-dionedioximes (whose complexes crystallise in
columnar stacks) [311], and a tetradentate a-aminooxime [312]. Bis(isonitro-
somethylacetoacetateimino)palladium(II) undergoes an interesting linkage
isomerisation on heating {reaction (70)} [313].

IZ

° N
Moo~ = _10°c Meo)‘j[ (70)
/ ONie 3mrn Hg Me / OMe

5.5.4.6 Nitrosyl and nitro-complexes

Nitrosylation of [Pt(Me,SO)Cl;]” yields [Pt(Me,SO)Cl3(NO)] which, on
storage, disproportionates to [Pt(Me,SO),Cl,] and chioronitroplatinum(IV)
complexes [314]. The N-bonded nitro-complex [Pd(MeEt,dien)(NO,)]" iso-
merises to be O-bonded nitrito-complex [Pd(MeEt,dien)(ONO)]* on irradia-
tion [315].

5.5.4.7 Nitrile complexes
P,N-ylides and «-phosphinocarbanions insert into the benzonitrile-platinum
bond {reactions (71) and (72)} [316,317].

Me Me Me hlde Ph
! |
— PM Me, P —N N—=C
MeaR MeZ/F;___N\ /N AMe2 z/:,. N Pt/ My ()
[PrencnN)ClL ] + NMeti —e= N& /Pt\ /N + N R _
Men” c"—'N\ N N C-—N\ N=PMe,
/ /
Ph Me Me Pn Ph Me Me



177

Ph _COOE¢
[Pt(PhCN),CL,] + Ph,PCHCOOEt >  C=C

N
72

HN<Pt/PPh2 (12)

Ph,p”  SNH

e=

EtooCc”  “Ph

The 1,2-cyanobenzyl bridged dimers of palladium(II) undergo interesting
reactions with weak acids {reaction (73)} [318].

2¢

-2agct Pth{ ,CH2  CN PPN3

2[Pd(PPN;) C1L2-CHCeH,CNY] + 2 Ag[BFR, ]

7\

VAR
PP NC.  CH PPh;

N

1,4-MeCgH, SH

(':6 HqMe

Ph3P S PP
3 \pd/ \pd/ h3 HY
(Y = OH, OMe,SMe or NMe,)
pnp” Ng” Nppng 2
I

CgHgqMe
eHa . s

PhaP CH
3 \ / 2
PN
Ph3P N=C
- / \ _
H Y

lY - oH onty (73)

9+

(Phgp\ /CH2
Pd
7N c
Ph3P HoN % _J

5.5.4.8 Carbon—nitrogen donor ligands

Cis-[Pt(PPh;)(C,H,)CIl,] reacts with dimethylamine to form the 4-membered
ring complex [Pt(Me,NCH,CH,)(PPh;)Cl]; this is unexpected and is probably
due to the steric bulk of triphenylphosphine, since replacing it by dimethyl-
sulphoxide results in the expected [Pt(CH,CH,NMe,H)(dmso)Cl,] [319]. A
CN, ligand has been prepared by reaction (74) [320]. 1,2-Methyldimethyl-

= Z K>[Pacl,]
/(1 + 2acacH + K[OCMe;] + KI —= - | On excevs oy
X [l
CICH N CH,CI (‘:HZ N CH
(MeQC),CH CH(COMe),
J @t
~ .
CcHZ N7 CH, (714)

|
(MeOC),C

|
Fl’d-— C(COMe),
3%
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amine reacts with palladium(II) to give straightforward amine complexes
as well as both demethylation at nitrogen and cyclometalation (Scheme
IV) [321]. Other ligands that yield metalated products with palladium(II)

[Pa(PhCN),Cla]

[Pa (1,2-Me,NCgH MeICI],

NMe,
Me

Li;[PdCis]}., MeOH N pd N _@
(demethylation)

eCl Me

PA(O2CMe), @CHz \Pd/CiZCMe

cyciometalation

Scheme IV

include Me;NCH,-ruthenocene and the nitroxyl radical of imidazoline
[322,323]. Two acetylene molecules insert into 1,2-metalated dimethylbenzyl-
amine {reaction (75)} [324]; only one olefin inserts into this Pd—C bond
{reaction (76)}, unless the aryl ring is activated with an —HgOMe substituent
{reaction (77)} [325]. 1-Me,NCH(Me)-ferrocene reacts with palladium(II) to
form optically active chelate complexes, which on treatment with PhCOCH=

o+ 2MeC=CcPn —e Me B0 Me Bn (75)
VAR Y c=cC Pn

N
g c| N
.uez Mez\ t|=a ~“Nen Mgz\ Pa” “Me
o] Cl

CHaNMe,

150°C CH=CHCOCMe
O:CMe_ + 2CH,=CHCOOMe — ot 2 + 2Pd + 2HO,cMe  (T6)
s /
N
Me

HgOMe COOMe

|
150°C MeOHg
+ 4CH,=CHCOOMe ———a=

OxcMe an 2 H + 2Pd + 2HOCMe  (T7)
)’ COOMe
\N/ N2 PhNH H

|
Ph

CH, or CO yield optically active ferrocene derivatives through insertion reac-
tions into the Pd—C bond [326].
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5.5.4.9 Monodentate tertiary phosphines

The reactions of [Pt(PPh;);C1][Ti;Cl,,] have been further studied; the two
ions react independently [327]. Cis-[Pd(PPh;),Cl,] has been reported several
times in the literature [328]; although it has not in fact been isolated [144,329],
it can be formed in solution [329]. PPh,CH,COOH forms a normal {rans-
complex (trans-[PdBr,(PPh,CH,COOH),]) with Pd—P bonds of 2.322(2) A
and Pd—Br = 2.447(1) A [330]; if the preparation is carried out using
PPh,CH,CCOONa at a pH below 7, then [Pd(PPh,CH,COO),], in which the
phosphine also bonds through oxygen, is formed [331]. PPh,CH,CN,
PPh,CH,COOEt and P(NEt,); form conventional phosphine complexes with
palladium(II) and platinum(II) [332,333]. Thin layer chromatography on
alumina, using benzene—dioxane as the mobile phase, is a useful way of
separating palladium—phosphine complexes [334]. Reaction (78) has pro-
vided a clean route to the preparation of a number of chloride-bridged palla-
dium(II) dimers; replacing PdCl, by Na,[PdCl,] either yields complex prod-
ucts or no reaction at all [335]. When complexes such as trans-[Pd(PPh;),Br,]

Me,CO at reflux

[PdL2(CeFs)2] + PACl, — ————> [PA(CsFs)(1-C1)L], (789

3—20h

(L =N, P, As, Sb or S-donor)

are heated in air, an inner-sphere oxidation occurs to yield OPPh; [336]. The
photochemical conversion of norbornadiene to quadricyclane is a potential
energy storage system; phosphinated polystyrene supported palladium(II)
chloride has been examined as a catalyst for the release of the stored energy,
but it is less effective than [Pd(PPh;),Cl,] [337].

On mixing PPh;, styrene and Pd(O,CMe), in ethanoic acid at room tempera-
ture, trans-stilbene and a mixture of PhP(0O)(OH),, Ph,P(O)OH and Ph;PO
are formed; the P—C bond cleavage is initiated by nucleophilic attack by
ethanoate on the phosphorus [338]. On treating [Pd(PPh;),Cl,] with 4-tolyl-
lithium, P—C bond cleavage occurs to yield all the possible dibenzenes and
PPh,(4-tolyl) [339]. Two papers have described unusual reactions of cis-com-
plexes of PPh,C=CPh, in which the two acetylene groups are constrained close
together {reaction (79)} [340,341].

Ph
c1 PPh,
Cl\Pt/ F’ggz pn _reflux Npy
“QZ i
al \// in benzene ct” PPhy

v
<l \ c%c

‘F,’:z “ph HPPh, (79)
a=310114

Ci_ /Ppnz\ B _PPhy
Pt c=cs
/ H Ph

Pt
PPN, _PPh,

~
H/ Ph

(¢}
7/ N\

One of the rapidly developing techniques for studying metal—phosphine
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complexes is NMR spectroscopy. Two books have appeared [342,343], one
exclusively on 3'P and !'3C NMR spectroscopy of transition metal—phosphine
complexes [342]. Although most *'P NMR spectra are recorded with proton
decoupling, one paper has appeared describing both the effects of Nuclear
Overhauser enhancement of the 3!P signals (which may develop when the pro-
tons are irradiated) and the *'P spin—lattice relaxation time in metal—phos-
phine complexes [344]. The results show: (1) Nuclear Overhauser enhance-
ments are small (0.8 to 1.2); (2) T, relaxation stems mostly, and in some
cases exclusively, from *'P—'H dipole—dipole relaxation; (3) potential differ-
ences in Nuclear Overhauser erhancements must be considered when compar-
ing integrals in *'P{'H}-spectra; (4) both Nuclear Overhauser effects and T,
values are solvent dependent; (5) T, decreases with decreasing temperature;
(6) T, increases with increasing molecular weight of trialkylphosphines; (7)
arylphosphines give larger T,’s than alkylphosphines due to the smaller num-
ber of protons at the first carbon atom and hence less efficient dipole—dipole
relaxation [344]. Dynamic behaviour due to restricted rotation about P—C
bonds has been confirmed in [Pt(n3-allyl)(PCych;),1[PFs] and trans-[Pt-
{P(CsFs)3 } X,L] (L = P(C4Fs)3, PPh3, PMe,Ph or PMePh,) [345,346]. The 3'P
NMR chemical shift progresses linearly to higher-applied field whilst the
energy of the lowest d—d band falls monotonically with increasing metallic
charge in a series of d® isoelectronic and isostructural complexes [347]. Cis-
and trans-isomers can be distinguished by their °**Pt—*'P coupling constants,
which depend mainly on the Pt—P bond lengths and are about 1000 Hz lar-
ger in cis- than trans-complexes [348]. An XPES study of Pd(0), Pd(I) and
Pd(II) triphenylphosphine complexes has shown, as for the corresponding
platinum complexes, that there are no well-defined boundaries between the
separate oxidation states [349].

5.5.4.10 Bidentate tertiary phosphines

Complexes of a number of novel tertiary phosphines (85)—(57) have been
described [350—352]. A number of potentially tridentate polyphosphines only
coordinate in a bidentate fashion to cis-PtMe; and give rapid exchange between

PPNy
CHs
cr @_ PCH,CH,PPh, PnaP (CH, ),,PPh(CH;CH2CH=CHz)
& -

(55) (56) (87)
free and coordinated phosphorus [352]. The structure of [Pt{(CMe;).P-
(CH_);P(CMe;),; }Cl,] has been determined by X-ray diffraction [353]. The
R,R and S,S forms of (58) have been separated through the 1,2-metalated
palladium(IT) complex of dimethyl(«-methylbenzyl)amine {354].
Z PMePh
@PMePh

(58)
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5.5.4.11 Phosphide ligands
Bridged diphenylphosphide complexes have been prepared by reactions
(80) and (81) [355].

R cl
3;P>Pt<CI>Pt< + 2 SiMe;(PPh,)
C Cl PR,

thf or CH2Cl 2

Ph, (80)
R _R___Cl
~p Pt
cl P~ PR,
Ph,
cis-[Pt(PR;),Cl,] + SiMe;(PPh,)
Ph,

H\ /P\ /PEt3

trans-[Pt(PEt;),HCl] + SiMe;(PPh;) ~ Pt Pt (81)
Et,;” P~ OH

Ph,

5.5.4.12 Ambidentate phosphorus—sulphur or phosphorus—oxygen ligands

[Pd(SPCy;)Cl,] is formed by reaction of K,[PdCl,] with SPCy; [356]. Tri-
methylphosphite reacts with K,[PtCl,] to give dimethylphosphite complexes
{reaction (82)} [357]. X-ray diffraction has shown that [Pt(PEt;),CI(OPF,)],

K,[PtCL] + 4 P(OMe); + 4 H,O + 2 KCIl + 4 MeOH + 2 HCI
+ [Pt{OP(OMe), } .{HOP(OMe,)} .]
diars .
2 HOP(OMe), + [Pt {OP(OMe),},(diars)]
2[Pt(PPh3)C1{OP(OMe), } {HOP(OMe), } ]
(82)

involves one terminal and one bridging difluorophosphate ligand, with P—O
bond lengths of 1.465 A (terminal) and 1.498 A (bridging) [358]. [Pt-
{(RO),PS,}.] and [Pd{R(R'O)PS,} ], are reduced polarographically in one
irreversible diffusion-controlled step in dimethylformamide [359].

Jv cis-[(Pt(PPh3)2C13]

5.5.4.13 Bidentate phosphorus—nitrogen ligands

P(Ph)(Bu)(—C? y reacts with [Pd(MeCN),Cl,] to form a pair of diastereo-

isomers in which the ligand is coordinated through both phosphorus and nitro-
gen. The diastereoisomers crystallised in different forms, needle and block,
that were separated by hand-picking [360].
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5.5.4.14 Multidentate phosphorus—carbon ligands

PhCH,PCych, and its 1,3-fluoroderivative react with palladium(II) or pla-
tinum(Il) to give 1,2-metalated derivatives with the metalation site para to
fluorine {reaction (83)}. For palladium(II), this was taken to indicate a nu-
cleophilic mechanism, although the long reaction times necessary with plati-
num(II) did not allow a radical mechanism to be completely excluded in that
case [361]. An oxygen group accelerates metalation at an adjacent carbon
atom, as shown by comparing the rates of platination of P(CMe;),(CH,OMe)

F .
Cych,

F
PdCl; tor [PtiPncNY,CI]) + OCHZPCych3 — ,P\CH2 (83)

™M
HaCom
Cych F

2
and P(CMe;),(OCH,CH;) [362]. The complex trans-[Pt{P(2-tolyl); },I,] fails
to undergo metalation which is ascribed to the very large bulk of the ligand,
cone angle 183°, which prevents the necessary internal rotations occurring
[363]. The diphosphines (CMe;),P(CH,),P(CMe;), react with [PA(PhCN),Cl,]
to form dimeric [PdCl,{(CMe;),P(CH,),P(CMe;),}1, (when n=>5,7 or 8) and with
[Pt(PhCN),Cl,] to form monomeric trans-[PtCl, {(CMe;),P(CH,)sP(CMe;),} ]
(when n = 5). [Pd(PhCN),Cl.] also forms the volatile cyclometalated complex
(99) and an analogous complex is formed with platinum(II), contaminated by

Me3C),P
¢ 83C),/ (MeyC)LP

Ct o]
(EHz)z pa”” HZC/ Pt
1 .
HC P(CMe;), HC, .” _P(CMej),
N cHz” Nats oy~ CHa
(59) (60)

a very similar species that is possibly an 73-allylic complex (60). When poly-
meric [PtCl; {(CMe;),P(CH,)sP(CMe;),; 1, is treated with 1,1,1-trifluoro-
ethanoic acid pure [Pt(CF;COO0) {(CMe;),P(CH,);CH(CH,),P(CMe;). }] is
formed in almost quantitative yield; the pure halide complexes can be prep-
ared from this by metathesis [364].

5.5.4.15 Arsine ligands.

There is “pseudo-octahedral” coordination about palladium in trans-{Pd-
(AsPh;),1,] as a consequence of two hydrogen atoms from the phenyl ligands
being 3.4 A from the palladium [365]. A novel route has been described for
the preparation of ditertiary arsine complexes [Pt {Ph,As(CH,),AsPh,}X,]
(X = Br, I or SCN) in which solid K,{PtCl,] is treated with the ligand in
chloroform; no reaction occurs until NaX is added. The advantage of the
method is that chloroform only dissolves the ligand and the complex, which
is therefore uncontaminated with NaX, a problem when ethanol, the more
common solvent, is used [366]. Substitution reactions at square—pyramidal
platinum{II) in [Pt(RR,SS-tpas)X]’, tpas = (61), follow a second-order rate
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(61)

law and proceed through a transition state of enhanced coordination num-
ber. Since the ligand prevents any change of geometry occurring, it is
suggested that nucleophilic attack occurs at the basal plane [367].

5.5.4.16 Stibine ligands

Trans-[M{(CMe;);Sb}Cl,], (M = Pd or Pt) have been prepared by several
routes, including reaction of (CMe;);Sb with Na,[PdCL], PtCl, or [M-
(PhCN),Cl.] {368].

5.5.5 Complexes with Group (IV) donor ligands

Clearly the majority of the complexes involving Group (IV) ligands are
“organometallic complexes’’. These have been specifically excluded from
this review unless it is believed that they have special or wide significance.

5.5.5.1 Carbonyl complexes

Good yields of cis-[PtCl;(CQ),] can be obtained by heating PtCl, - 4 H,O
in thionyl chloride solution at 110°C with carbon monoxide [369]; the use
of thionyl chloride prevents hydrolytic side-reactions occurring. The rate of
carbonylation of a series of dimeric palladium complexes [ LPdX,],,
decreases in the order L = Pr,S > Pr,Se > Me,S > Me,Se > Et,Se > Et,S
[370]. Polymer supported carbonyl complexes have been prepared by dis-
placing benzonitrile from [Pd(polvmer-PPh,)(PhCN)CIl.], a reaction that is
analogous to reaction (84) [371]. A study of the force constants in cis-[PtX,-
(CO).1 (X = Cl or Br) showed that the Pt—C stretching force constants are

[Pd(PhCN),Cl,] + CO —22°2¢ , [pd(PhCN)(CO)Cl,] + PhCN (84)

room temp

proportionately more sensitive to the nature of the halide ligand than the
C—0O stretching force constants {372].

X-ray diffraction and *'P NMR spectroscopy were used to study the prod-
ucts of reaction (85). It has previously been suggested that large !'95Pt—31P
cis-[Pt(PMe,Ph)Cl,(CO)] + Et,Hg — cis- and trans-[Pt(PMe,Ph)(u-Cl1)}(COEt)],

(85)

coupling constants are indicative of short Pt—P bonds [373]; however, the
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trans-isomer shows a large coupling constant and fairly typical bond lengths,
suggesting that such a correlation breaks down when the complexes compared
differ greatly [374]. In order to study the effects of the stereochemistry at
platinum on the ability of alkyl groups to insert into Pt—CO bonds, all three
isomers of [Pt(PMePh,)Cl(Ph)(CO)] were prepared; only the isomer with CO
trans to PMePh, undergoes insertion to form the dimeric chloride-bridged
acyl complexes, the other isomers merely eliminate CO. The ability of groups
to promote insertion is Et > Ph > Me > CH,Ph(=0) [375]. The reaction of
trans-[Pt(PPh;),C1(CO)][ClO,4] with a range of tin, lead, mercury and boron
organoelement compounds results in replacement of the chloride ligand by
an organic group in all cases; only with Hg(4-MeCg¢H,), is even a small amount
of the acyl complex formed [376]. Di-isopropylamine nucleophilically
attacks a coordinated carbonyl ligand in ¢is-[P{Cl,(CO),], to form the car-
bamoyl complex [(CMe,H),NH,1,[cis-PtCl,(CO){C(O)N(CMe,H),}], in
which the carbamoyl ligand is planar and almost perpendicular (88.1°) to the
platinum square—plane; thus both C and N are sp?-hybridised [377].

5.5.5.2 Cyanide complexes
The electrochemical synthesis of Ba[Pt(CN),] - 4 H,O, according to reac-
tion (86), has been described [378], as have the crystal structures of

2 Ba(CN), + Phetectroaes + 6 H;0 22222 Ba[PH(CN)4] - 4 H,O +

Ba(OH), + H, (86)

[MeZNH@NHMezj [Pt(CN),] - H;O and Cs,[Pd(CN),] - H,O [379,3801].

The integrated intensities of the C—N stretching vibrations in a number of
cyanide complexes have been determined. They appear to give an indication
of the extent of metal—cyanide m-bonding [381]. Cs,[Pt(CN),] - H,O,
although itself achiral, forms a helical vertical stack which conveys chirality.
The circular dichroism spectrum of this complex in a chiral polymer (hy-
droxypropylcellulose) enabled the intramolecular charge transfer and exciton
bands to be characterised. The effect on the optical properties of the phase
changes that occur on heating, or subjecting to high pressure, a number of
[Pt(CN),J*~ salts have been studied [382—385]; it is possible to continuously
tune to optical absorption between 3.3 and 1.35 eV by varying both the
cation and the pressure [385].

The kinetics of the replacement of chloride by cyanide in [PtCl;]}?" indicate
a typical two-term rate law [386]. A study of the oxidative-addition reactions
of a number of reagents XY to [P£{(CN),]* indicated the mechanism shown
in reaction (87); when the reaction was carried out in the presence of an
excess of a ligand Z~, competition between Y and Z occurred [387]. Cyanide
bridged palladium(II) complexes can be prepared by reactions (88) and (89)
[388].
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Y 2= N -
x CN
2 fast SN solvent _ 94
[Pteen), 157 + xy —= NC—Pt—CN ——= Y7 #| NC—Pi—CN
NC : NC g
|
%<
iv' (87)
2- 2-
X cn X cn
|/ |
NC—Pt—CN NC—Pt—CN
ne”d ne”
z v

[Pd(PPh;);(CN)CeF's] + [Pd(PPh3)2(CeF5)(OCIO;)] ~

CGFS—_Pid——CN_II,d_C6F5 [CIO4]
PPh, PPh,
[PA(PPh;),(CN).] + 2[Pd(PPh;),(CsF5)(OCIO;)] - i
PPhs PPh, PPh, (89)
CoFs——Pd—NC—Pd—CN—Pd—C,F;
PPh; PPh; PPh; J

5.5.5.3 Isonitrile and carbene complexes

Trans-[Pt(CNcyclohexyl),(SCN),] melts at 115°C and isomerises Lo the
cis-isomer at 130°C indicating, together with previous results, that the trans-
influence of cyclohexylisonitrile is greater than that of SCN~, Cl™ and Br-,
but less than that of I" [389]. Full preparative details for reactions (90)—
(92) have been given [390]. a-Aminoacetals react with coordinated isocyan-

trans-[Pt(PEt;)CL], + 2 RNC 2222°%¢ 9 ¢is-[Pt(PEt,)(RNC)Cl,] (90)

cis-[Pt(PEt,)(RNC)CL,] + R'EH E22 0N e [P(PEL,) {C(ER')(NHR)} CL,]
R =alkyl

or aryl (91)
trans-[Pt(PEt;),(PhNC)Cl1][ClO,] + EtNH, -~
trans-[Pt(PEt;), {C(NHPh)(NHEt)}CI]1[ClO,]  (92)

ides to form diaminocarbene intermediates that can be isolated and character-
ised but which cyclise on protonation {reaction (93)} [391]. The electron-
rich olefin, bis(1,3-diphenyl-2-imidazolidinylidene) (62) has been used to
prepare the cyclopalladated carbene complex (63) [392].

The synthesis of a-diazomethylpalladium(II) complexes has been achieved
through reaction (94); an X-ray diffraction study of (64; R = COMe) suggests
the CN, unit is a resonance hybrid of >C=N"=N"and >C—N'=N [393].



186

Cl\ /CNR
[PaRNC),CI,] + NHCH(RIC(OEtLR" —— P NHR

cl c

™ NHCH(R'JCIOEL,R"

l +H*

- 2 EtOH
(93)

cl CNR

(62) L,
(63)
R R
[PA(PPh;),Cl.] +Hg(c/ ), —oenzene.AY trans-[Pd(PPhgz(:l(c/ )]
\N room temp. \N
2 (R=COMe or COOEL) (64) 2
(94)
_R
+ trans-[ PA{(PPh C
ra [Pd( 3)a( \\\Nz)z]

5.5.5.4 Alkyl and aryl complexes

'H and '*C NMR spectra have been recorded for the platinum(IV) complex
formed by oxidative-addition of benzene to Na,[PtCl,]; this complex was pre-
viously thought to be an intermediate in the activation of benzene to H/D
exchange by Na,[PtCl;] [394]. Monohaloacyl complexes are of interest
because they may lose carbon monoxide to form monohaloalkyl complexes,
possible precursors of simple carbenes which are believed to be active olefin
metathesis catalysts. Although some transition metals do form monochloro-
acetyl complexes, monochloroacetyl chloride reacts with [Pt(PPh3)s] to
yield [Pt(PPh;),Cl,] and allene, probably through an initial oxidative-addition
reaction [395]. The ‘non-bonded radius” of platinum(II) has been deter-
mined as 1.78 A by measuring the angle Pt—C—Si in [Pt(PPh;),CI{CH,SiMe;)]
and assuming electronic effects tend to reduce this angle whilst steric effects
increase it [396].

5.5.5.5 Acyl complexes
During the hydrocarboxylation of propene with carbon monoxide and
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butanol in the presence of [Pd(PPh;),Cl,] and two equivalents of PPhj, (65)
was isolated [397]. The long Pd—CI bonds in (65) and (66) are consistent with
the Pd—O bond in (67) which is the longest known; both indicate the very

Cl a=2.449(3) &;
* b=1.974(10) & ;

c=2.342(2) A;

d=2.344(2) A.

Ph3PLTd S PPh,
b

C
o DPr  (es)

large trans-influence of acyl ligands [397—399]. Two acyl complexes (68) and
(69) have been prepared by cyclometalation of the corresponding aldehyde
[4006,401].

o o
i i
~ /Y c 2 d/NHEtZ
/Pd\ Pd
N cl N“E  Soso,cF,
Etz Etz

Pd—Cl = 2 446(4) &, v =Et,NH;
Pd—Cl = 2 461(2) &, ¥ = C(NEt,)NHMe

a=1938011) &,
b=2106(7) A,
c=2271(7) A,
a0=2117(8)4A

(66) ©7)
gr: Pt “ QO\PQ/‘:RB
ﬁgl—l PPh, (ﬁ/ PR,
o) = o

<
(68) (69)

5.5.5.6 Tin ligands

Complexes containing tin ligands have been prepared by reactions (95) and
(96) [402,403]. When SnPh,, SnPh;Cl, SnPh,Cl., SnMe, or SnMe;Cl react

[M(PFs)s] + 4 EtsNSnCl, ﬁ% (NEt4)o[M(StiCl3)s] + 4 PF; (95)

(M=Pd, Pt}

[IM{P(OR);}2Cl;] + SnCl, m [M{P(OR);}(SnCl;)Cl]

(96)
+ [M{P(OR); }2(SnCl;).]

with zerovalent platinum phosphine complexes, platinum inserts into the
Sn——C bond, whereas with SnPhCl;, SnMe,Cl,, SnMeCl; or SnCl,, it inserts

into the Sn—Cl bond [404]. [Pd(n3-CsH)(PPh3)(SnCl;)] reacts with the
heteropolytungsten anion [W,,Si04,]3~ to form [Pd(n3-C3Hs)(SnW,,Si039),]1'""
[405].
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5.5.6 Complexes with Group (III) donor ligands

NMR spectroscopy suggests that [M {Ph,P(CH,),PPh, } C1(BsH;s)] (M = Pd
or Pt) have a static metallo-nido-pentaborane structure {406]. Although the
insertion of platinum(0) into small closo-carbaboranes is stereospecific, with
1,7-C,BgHj a mixture of closo and nido products is formed, and with 4,5-
C,;B,;H, and 1,6-C,BgH;, only the nido results [407]. A range of hydrido-
platinum(II) complexes [Pt(PEt;);H(nido-carbaborane)] have been prepared
by oxidative-addition of the nido~carbaborane to [Pt,(PEt;3)4{tcod)]

[408]. Reaction (97) results in metalation of the phosphine to give a product

which in many ways appears to have a Pt—?l) bond [409].

cis-[Pt{P(CH,Ph); } ,Cl,] P(CH,Ph);
R d
+ 1-Li-2-Me-1,2-B,6CHio > | MeBioCablio £t ¢ _CH,Ph (®7)
PhCH~ CH,Ph

a=2.302(4) A;

b=2.235(4) A;

c=2.15(1) &;

d=2.09(1) A.

5.5.7 Hydride complexes

B-Face centred cubic PdH, ¢0—o.92 and y-PdH, ,s—;_ 20 have been characterised
[410,411]. Semi-hydride bridged [(n5-CsPhs)Pd(u-H)(u-Cl)Pd(n°-CsPh;)] has
been prepared by treating the product of the reaction of palladium(II)
ethanoate and excess diphenylacetylene with hydrochloric acid [111]. Trans-
[Pt(PPh;),HX] (X = Cl, Br, SnCl; or SnBr;) have been prepared [412], the
SnCl, species is dynamic and must be cooled to between —50 and —70°C to
record its NMR spectrum, which is consistent with the observation that the
presence of SnCl; ligands promotes the insertion of olefins into trans-Pt—H
bonds [413]. The high trans-influence of cyanoalkyl ligands also promotes
this insertion [414]. Trans-[Pt(PEt;).H(NO3)] is an active hydrogenation
catalyst for internal and terminal olefins; olefins with electron-withdrawing
substitutents are polymerised unless excess nitrate ions are added when no
reaction occurs [415]. Trans-[Pt{P(CMes3);},.HX] (X = Cl, Br or CF;C0OO0)
undergo rapid intramolecular metalation with elimination of hydrogen in
benzene solution under ambient conditions to form [Pd {P(CMe;),CMe,CH,}-
{P(CMe;3); } X] [416,417]. Carbon monoxide reacts under ambient condi-
tions with [Pt(PR;3),H,] (PR3 = PCych;, P(CMe,H);, P(CMe;).(Bu) or
P(CMe;)Ph,) to displace H, and one PR; ligand to yield trinuclear [Pt(PR;)-
(CO)]; clusters [418].
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Two new binuclear trihydride complexes, (70) and (72) have been prepared
{reactions (98) and (99)} [419,420]; (72) is of structural interest. Each platinum
atom is approximately trigonai bipyramidal with phosphorus and platinum as
the axial donors; the platinum—platinum bond length is virtually the same
[Pt(cod),] + 2 PPh; + H, = “hydride intermediate”
1 trans-[Pt(PPh3),H(Me,CO)1BF,

PhsR_ _HEPM
Pt Pt—H |BF, (98)

~
PhsP Pbh,
(70)

toluene, CHCl 3

cis-[Pt{(CMe;),P(CH,);P(CMe;), 1H,] \
H P((I:Mes)z (CH.);
cis-[Pt{(CMe;),P(CH;);P(CMe;),}HCI] “’2‘%‘3——» (CMe,)zpﬁfjta—}?t
(CH,)s; c,'l /,
(CMe3) P /P(CMe3)2 ( CM});P' HI N
toluene + MeOH
(CH2)3 t Pt\ (CH2)3 3days (99)
(CMe;),P P(CMe3)2
) a=2.768(2)4;
(71) b = 2.345(10) A mean;
c = 2.262(8) A mean.

(72)

as in (71) which is unusual, since all previous hydrido-bridging ligands have
lengthened the M—M bond. It is possible that the steric demandsin (71) give
it an unusually long Pt—Pt bond [420]. In contrast to reaction (99), trans-
dihydridoplatinum(II) hydrides react with chloroform to give trans-[Pt-
(PR;),HC1] exclusively [420]. The structure of (70) is significantly different to
that of [Pt,Me;(Ph,PCH,PPh,),]", prepared by reaction (100); both structures
are based on spectroscopic data [421]. Some further reactions of an early
binuclear trihydride have been described {reaction (101)}[422,423].

3 cis-[PtMe,(dppm)] + cis-[PtCl,(dppm)]

Nﬁ,iling MeOH or Me»CO (100)

. Mesco |Me M 7z
2 cis-[PtMe,(dppm)] + H[CIO4] —— Pt ——————— -Pt—Me
pp room temp .| / /

|
P(CMej;),
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g/;{\ll’ © Aimination PP
et NPl (PR + dppm 2 | HPU—PU—P~ |[PF]
He p H P p F
dppmj[RSH. oxidative-addition
(101)
v . P
i /SR\|
Pt Pt [[PFd]
H
P P
\_/ _J

5.5.8 Substitution reactions of complexes of the divalent metals

An LCAO—MO study of substitution in o-bonded complexes including ML,
has been given [424]. There has been particular interest in studying substitu-
tion reactions in mixed solvents [425—428]; although specific solvent effects
are very important in the substitution reactions of square—planar complexes,
studies this last year have highlighted the importance of non-specific effects
as well [426,428]. In the reaction of cis-[PtCl,(4cyanopyridine),] with
thiourea, initial state effects are more important than transition state effects
[427].

A study of the temperature and pressure dependences of the rates of the
substitution reactions of cis- and trans-[Pt(PEt;).(mesityl)Br] with I" and
thiourea in methanol show negative volumes of activation. Division of these
into intrinsic and solvation parts supports an associative mechanism, in con-
trast to previous workers’ conclusions for this highly sterically crowded sys-
tem. The cis-trans-isomerisation of the starting complexes also appeared to
foliow an associative route [429]. The pressure dependence of the second-
order rate constant for the reaction of pyridine with trans-[Pt(py),CI(NO.)]
in nitromethane, methanol, ethanol and dichloromethane also supported an
associative mechanism [430].

5.6 PALJ ADIUM(I) AND PLATINUM(I)

5.6.1 Complexes with phosphines and arsines

Interest in complexes of dppm and its arsenic analogue (dpam) has conti-
nued, and some of this work has been mentioned in Section 5.5.7. X-ray
diffraction has been used to determine the structures of [Pt,Cl,(u-dppm);]
[431], [Pd,Cl(SnCls3)(u-dppm),] [432], and [Pt,C1(CO)(u-dppm);] [PF¢]
[433]. Points to note include: (i) the Pt'—Pt! bond is generally shorter than
both the Pt°—Pt° and Pd'—Pd! bonds; (ii) replacement of Cl by CO shortens
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the Pt'—Pt' bond by withdrawing some electron density from the 7" -orbitals
of the Pt'—Pt' bond; (iii) each Pt or Pd atom in these complexes is approxim-
ately square—planar with the square—planes at about 40° to each other to
minimise anti-bonding interactions between filled interaxial d-orbitals. CH,N,,
S0, and Sg react with [Pt,Cly(u-<dppm),] to vield (73) [423]1. An X-ray
diffraction investigation of (74) has confirmed the structure, and shown that

PP i
ll’t/ \Il’t Pt~ O pt
o | [ S cr’ | EN
P P As As ©t
~~———
(73) (74)

(X = CH,, SO, or S)

it is an exception to Cotton’s rule that a bridging carbonyl group is always
accompanied by a metal—metal bond [434]. The C—O stretching vibration

in (74) (1635 cm™!) lies well below the typical range for bridging carbon
monoxide (1700—1850 cm™'). The value of the °*Pt—!?SPt coupling con-
stant is very dependent upon the trans-ligand; as a result a large coupling con-
stant is indicative of a Pt—Pt bond, but a small coupling constant is not diag-
nostic of its absence [435].

5.6.2 Isonitrile complexes

A review of previous redox-based routes to [Pd2(CNR)s]*" has been given.
Reaction (102) can be used to prepare heteronuclear dimers essentially free
of homonuclear dimers, indicating that the Pt—Pd bond must be strong {436].
The Pd—Pd bond in [Pd,(CNMe)s][PFs]. gives an intense band in the Raman at
160 cm™! [437].

[Pt(CNMe),1** + [Pd(CNMe),. ] -+ [PtPd(CNMe)¢]** (102)
5.6.3 Complexes with organic bridging ligands

Bridged palladium(I) and platinum(I) dimeric complexes can be prepared
by reactions (103)—(105) [438—440].

{R ={CMe H) or Cych N
- = RyP~—Pg—Pd —PRy (1€3)

[Patn-any),] + [Pd(PRs3),]

(M=Pd or Pty
[Mn®-CsHg I (n3-any)] + PRy (or[M(PR;),]) ————= R3P—M——M—PR;  (104)

NaKag in CgHg
25°C, S5h

2[Pdtn®-CqHg) {P(CMe,H ), HiMe,,c0)] Rf-—sié«—??a-—m, " (106)
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5.6.4 Carbonyl complexes

A bridged hydrido-carbonyl platinum(II) dimer and a terminal hydrido-iso-
nitrile platinum(II) dimer have been synthesised from [Pt ,Hj;- -
(Ph,PCH,CH.,PPh,)] [BF,] {reaction (106)} [441].

Ph,P 1% PPh,

AN NP

(CHz)z Pt:“_Pt (CHz)z [BF4]

v
CC/ N,/ "H N/
Ph,P PPh,
[Pt,H3(Ph,PCH,CH,PPh,),]BF, (106)
thP_(CHz )2_PPh2
RNC | |
H—Pt————I"t—CN R |[BF4]

|
Ph 2P_(CH2 ) 2_PPh 2

[PA(CO)C1],, + Lil (1 : 4 ratio) is an active olefin isomerisation and acetyl-
ene carbonylation catalyst; the catalyst precursors react together in aqueous
hydrochloric acid to liberate carbon monoxide, traces of carbon dioxide and
dihydrogen (from CO + H,0 » CO, + H,) and LiPdI, - 2 H,0 [442].

5.7 PALLADIUM(0) AND PLATINUM(0)
5.7.1 Complexes with Group (VI) donor ligands

Protonation of [Pt(PPh;),0,] yields a mixed oxygen/hydroxide bridged
dimer {reaction (107)} [443]. Alloxan and diethyloxomalonate react with

/PPh 3

(X =Cl0g4, BF a b Pt'\
aBFal phP” <0~ PPh,

PFgor NO3)
H

d
CHCl3. EtOH Ph3P\ .70 O\Q

2[Pt(PPh,),0.] + HX + H,O X

a=2.08(2) &;
b=2.10(2) &;
c=1.99(2) &;
d=1.55(2) A;
e=2.01(2) A.

zerovalent platinum phosphine complexes to yield side-bonded ketone com-
plexes, (75) and (76) [4441]. \

[(n3-CsHs),Ta(SMe),] acts as a bidentate sulphur donor towards platinum-
(0) in [(n°-CsHs),Ta(u-SMe),Pt(u-SMe),Ta(n°-CsHs),] in which the tetrahedral
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PhE_ O PhsP_
Seell A Pt\]
Ph,P N Ph C(COOE),
o=C NH
N (16)
™.
(75)

platinum atoms are 2.80 A from the tantalum atoms [445]. Sulphines,

XYC=S=0 (X,Y = arylS, alkylS or Cl), react with [Pt(PPh;),] to yield (77),ina

reaction in which the configuration of the sulphine is retained on coordina-

tion [446]. In chloroform, (77) with X=Y=SPh rearranges to the platinum(II)
_SPh

complex [Pt(PPh_;)z(C/ }(SPh)] , which is obtained as a mixture of

Ph,p, C” RP—E

/?t<l Ph;P—M—M—FPPh,
Ph,P S\0 E—PR,

(17 (E =S8, Se)

(78)
T

/S=O S

E(-C\ and Z(-—C ) isomers [447]. R,P(S)H and R,P(Se)H react
SPh SPh

with [M(PPh;)s] (M = Pd or Pt) to yield dimeric products (78) [448].

5.7.2 Complexes with tertiary phosphines

Detailed routes for the synthesis of [PdL,] {L = PPh(CMe;),, PCych; or
P(CMe;);} [449], [PtL,] {L = PPh(CMe;), or PCychs} [449], [PtL;3] {L =
PEt; or P(CMe,H);} [450] and.[Pt(PEt;),] [451] have been described. The
mechanism of the reaction of [Pd(PPh;),s] with CF;COOH, to yield dihydro-
gen and [Pd(PPh;),(CF;C0OO),], and the importance of the mixture as
a catalyst for the liquid-phase conversion of carbon monoxide have been
reported [452].

Although no evidence was obtained for the formation of stable [Pd-
(PF,H),], by co-condensation of palladium vapour and F,PH, the ready trans-
port of palladium in the system and the formation of F3PH2 and dihydrogen
indicate that some compound is formed [453].
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5.7.3 Complexes with carbon donor ligands

Platinum(0) adds to tungsten— and rhenium—carbyne [454,455] and
manganese—carbene [455,456] complexes in reactions (108)—(110), whereas

in reaction (111) it inserts into the chromium— or tungsten—carbene bond
[457].

cl:o/co PMe,Ph
[PtiPme P, (CoHgY]  + [Win®-cyhg(concPn)) ——e @—W < F’t< (108)
"\C/b PMe ,Ph
P

a=196(2)4,
b =2.05(2) &,
c=2273(1)A

MeO, CgHMe

N,/
_ _OMe MesRL_ 7/ N\
PrPme ) (c HOY + [Mnnd-cyH1co) (el ] ——e Pt——Mn(CO)(n3-CaHy)
22 2 CeHgMe Me;P/ 2

Me0‘1 L[Meo] [eF,]m Mecn

Me
-~
~ ]
Mesp N (109)

Pt Mn (CO)(n>—CyHa)

eyt g’

Me, P, oc\(I:o Me,P oc co
,O—CHaz >Pt 2 _Mn—CO Pl *—-Mn—CO
PrcaHa,] + 2pMey + [Mngco @l | ] — e, O/ + e, Vd/ <o
CHz—CH, e i© (110)
o/ e ?H /
\
CH,—CH, cHz—CHz
Yellow 1somer a = 2 658(2) &, Redtsomer a =2693(1) &,
b-198(N A, b=2014(9) A,
c=228(1)A, c=2253N4&,
d=222(1)4, a=218(1 A,
e=1.32(2)4 e=137(1)A
MeO\C/Ph
oM ™M w) Melp\me/‘\‘m
< aCr or
[Prereyenydic,Hg, ] + [Mel neoy,] ————= M._.Jp/é ATEAN (111)
Pn £ §C0\0
Sl
c C
o (o)

M=wW,as=2628(114;
b=2833(21A,
c= 2830(2) 4,
d=206(2) &,
e=209(3) A
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4 Carbonyl complexes

5.7.4.1 Mononuclear carbonyls

There is no general method for the synthesis of [M(PPh,).L,] (L = PRj,
CO or olefin). However, reaction of [M(PPh;),Cl,1 (prepared in situ) with
zinc dust in the presence of L (L = PPh; or CO) in tetrahydrofuran solution
yields {M(PPh;);] or [Pt(PPh;),(CO),], although this route does not work
when L = C,H, [458]. Contrary to earlier reports, [Pd(PPh;);CO] can be
prepared by simply bubbling carbon monoxide into a solution of [Pd(PPh;),]
in benzene under ambient conditions [459].

5.7.4.2 Polynuclear carbonyls

Carbon monoxide displaces hydrogen under ambient conditions from [Pt-
(PR;).H,] (PR; = PCych;, P(CMe,H);, P(CMe;), Bu or P(CMe;)Ph,) to yieid
[Pt(PR3)COY; clusters [418]. The structures of cluster carbonyl anions [Pt;-
(MY T 27 £ — 1T EYLnnurn lhaonm Af intoragts fhatr ara mmada 137 AF annrawiratalry
\“VUisin \Il - i JJ ilave UTCILLE Ul LIWKLEDL, UiITY al 1iiauc up L apylux\uuaucx_y
vertical stacks of Pt3(CO) units in which the Pt—Pt bond length is notably
shorter (2.66 A) than in metallic nlahnnm itself (2.774 &\ This is ascribed fn

some of the platmum sp electron den51ty being removed from the plane of
the Pt, triangle into the inter-triangular region [460]. °°Pt NMR data in
deuteriochloroform suggests that, in solution, the Pt;(CO), triangles rotate
about the 3-fold vertical axis [461]. Two attempts have been made to pro-
vide a uniform theory to describe the bonding in both clusters and bulk me-
tals [460,462]. When [Pty(CO),;3]*" is heated under reflux in ethanenitrile,
some of the carbonyl groups are driven off and [Pt,5(CO),,}*” may be
isolated in about 50 percent yield as its [BuyN]" salt [463]. This complex is
of particular catalytic interest because it is much closer in stoicheiometry
(CO : Pt ratio = 1.16) to a carbonylated metal surface (CO : M ratio ~0.75)
than any previously reported metal carbonyl (previously CO : M = 1.7),
although its catalytic properties have not been reported so far. Its structure

is based on a vertical eclinsed stack of three nlanar Pt. rings with two Pt

AMAOTIR Wil & VEAVATGL TUMPOTIA SUGAUA UL LILLTT pAGUial L U5 LuR0 Walal LY L

atoms sandwiched between them and one above and one below this stack.
There are twelve terminal carbonvls hound to the six nlatinum atoms on the

222020 &0 LWRAVE L2223 LA DVAAS 2 PRS2 S0 WAL Sl ARl &ALRodlls AL ALk

top and the six on the bottom of the stack, together w1th ten bridging car-
bonyls that link the three planar Pt rings together. Two platinum atoms are
completely encapsulated in the centre of the complex, and have no adjacent
carbonyl ligands [463].

Cis-[Pt(PPh;),Cl,]} is reduced by NaJ]Mn(CO);l, in tetrahydrofuran at room
temperature, to [Pt4(CO)s(PPhj3)4] (79), in which two almost orthogonal tri-
angles Pt'Pt?Pt° and Pt’Pt3Pt* share an apex, Pt?, which has the highest coordi-
nation number (i.e. eight) ever found for a platinum atom [464]. With Na-
[M(CO)s(n°-CsHs)] (M = Mo or W), cis-[Pt(PPh;),Cl,] yields (80), in which
the semi-iriple bridging carbonyls lie one on either side of the Mo,Pt, plane,
largely over one Mo—Pt bond [465]. The bimetallic clusters [ Fe,Pt(CO)q-
(PPh3)] and [RuPt.{CO)s(PPh;);] have been supported on phosphinated
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ocC PPhiy
\ /a co OC—Mo—CO
Pt>— Pt —
oc” 7 od |/co\|
. O pt—pPh, Ph3P — Pt Pt—PPrj
Wi kel A
Y 2\ OC—Mo—-CO
phyp Q PPh,
(79) (80)

polystyrene and silica; they are olefin hydrogenation catalysts [466].
5.7.5 Isonitrile complexes

A polynuclear isonitrile [Pt4(2,6-xylyINC),,] has been prepared by reduc-
ing [Pt(2,6-xylylINC),Cl,] with sodium amalgam in tetrahydrofuran. The clus-
ter is a distorted trigonal bipyramid to which two extra platinum atoms have
been added between one basal platinum and each apical platinum. The two
Pt—Pt bonds on the edges having a bridging platinum atom are shorter than
the others. There are six terminal isocyanides, five bridging two platinum
atoms and one that bridges three platinum atoms [467]. [Pt;(Me;CNC)g¢]
oxidatively adds SiR;H, and then the isocyanide inserts into the Pt—H bond
in reaction (112); GeMe;H reacts similaxly [468].

H /CMe3
Ph,MeSi N /C—N N /CNCMe3
[Pt3(CNCMes)¢] + SiMePh,H —

p
Me;CNC™ t\N—c\ SiMePh,

Me 3C

(112)

5.8 PLATINUM METAL

Scheme V outlines a method for producing high purity platinum suitable
for use in the electronic industry [469].

KNO>
e HPtCly ——e— K, PtCly —— - K, [Pt(NO,),]

lNH3

cis- [PtINH3),(NO,), ]

lclz

[PtiNH3),(NO2),Cl5]

Ptmetal

Recrystallise twice from water

(1) heat slowly to 350-400°C
(i1) reduce at 950-1000°C

high purity Pt
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5.9 ANALYSIS AND EXTRACTION

The mercury(I) wave can be exploited for the indirect polarographic
determination of palladium(II), using a dropping mercury electrode,
because reaction (113) is instantaneous and quantitative [470]. 3- (2-hydroxy-
5-methylphenyl)-5-(4-methoxyphenyl)isoxazoline (81) is an effective reagent
for the extraction and spectrophotometric determination of palladium(II).

Pd?* + 2 Hg? - Pd° + [Hg,]** (113)

The extracted species is PdL, [471].
Trioctylamine, triisooctylamine and tetraoctylammonium perchlorate

Ph
(81) (82)

have been used to extract anionic halo- and oxalato-complexes of palladium- ;
(IT) and platinum(II) out of aqueous solution [472—474]. Trioctylphosphine
oxide, 2,2'-bipyridine, 1,10-phenanthroline, 4,7-diphenyl-1,10-phenanthro-
line and (82) (which resembles pentane-2,4-dione) can all be used to extract
palladium and platinum from aqueous hydrochloric or hydrobromic acid into
benzene or chloroform[475—477].
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